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PREFACE. 


The  Institution  of  Engineebs  in  Scotland  was  established  for  the 
encouragement  and  advancement  of  Engineering  Science  and  Practice, 
to  facilitate  the  exchange  of  information  and  ideas  amongst  its  membersi 
and  to  place  on  record  the  results  of  experience  elicited  in  discussion. 

It  owes  its  origin,  in  a  great  measure,  to  the  very  successful  Meeting 
held  in  Glasgow,  in  1856,  by  the  "  Institution  of  Mechanical  Engineers"  of 
Birmingham ;  the  great  utility  and  probable  success  of  a  similar  Institu- 
tion holding  its  meetings  in  Glasgow,  the  chief  seat  of  practical  mechanics 
in  Scotland,  being  at  the  time  strongly  impressed  upon  several  Engineers 
residifjg  in  and  near  Glasgow,  who  held  a  few  preliminary  meetings,  suc- 
ceeded by  a  general  one  on  1st  May,  1867,  which  was  numerously 
attended,  and  at  which  a  constitution  was  decided  upon,  and  office-bearers 
were  elected  for  the  First  Session,  1857-68. 

The  great  accession  of  members,  the  numerous  papers  read,  the  very 
excellent  attendance  at  the  meetings,  and  the  well-sustained  discussions 
rendered  interesting  by  the  exchange  of  valuable  information — during 
the  First  Session,  place  the  success  of  the  Institution  beyond  doubt. 

At  the  termination  of  the  Session  in  April  last,  the  Institution  numbered 
one  hundred  and  eighteen  members,  one  associate,  and  eight  graduates, 
and  numerous  additions  are  expected  early  in  the  Second  Session. 

Eight  meetings  were  held  during  the  Session,  and  at  these  as  many  as 
twenty-one  papers  were  read,  on  various  subjects  .connected  with  the 
objects  of  the  Institution.  Each  paper  was  followed  by  a  discussion  on 
the  subject  of  which  it  treated,  and  there  were  in  addition  two  discussions 
(on  Decimal  Measures),  not  preceded  by  papers. 

(tlaboow,  Avgustt  1858. 
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The  First  Meeting  of  the  Session  was  held  in  the  Philosophical  Society's 
Hall,  Andersonian  Buildings,  George  Street,  Glasgow,  on  Wednesday,  28th 
October,  1857— Prof.  W.  J.  Macquorn  Rankinb,  LL.D.,  F.R.SS.  L.  &  E., 
President,  in  the  chair. 


The  PsESiDBNT  delivered  the  following  Introductory  Address : — 

On  the  Nature  and  Objects  of  (he  Institution. 

Gentlemen, — ^We  have  had  several  general  meetings  already,  but  they 
were  of  a  preliminary  character,  and  this  is  the  first  meeting  at  which  we 
are  about  to  proceed  to  the  transaction  of  our  regular  ordinary  business — 
the  reading  of  papers,  and  the  discussion  of  those  subjects  in  which  we  are 
interest'Cd.  Since  this  society  was  first  formed,  I  am  happy  to  see  that 
many  names  of  new  members  have  been  proposed,  and  many  members 
who  were  not  present  at  previous  meetings  are  here  now,  and  it  is  there- 
fore desirable  that  I  should  make  a  short  statement  as  to  the  nature  and 
objects  of  this  society,  as  distinguished  from  those  of  other  scientific 
societies. 

We  may  consider  that  the  various  societies  of  a  scientific  nature,  are 
divided  into  three  classes.  In  the  first  class  are  those  which  are  devoted 
specially  to  the  advancement  of  science,  and  to  the  keeping  of  the  mem- 
bers informed  of  the  progress  that  science  makes  elsewhere.  To  this  class 
the  Royal  Society  belongs,  the  Geological  Society,  and  many  others.  In  the 
second  class  are  societies  intended  for  the  popular  difiusion  of  scientific 
knowledge,  and  the  cultivation  of  a  taste  for  science  in  those  persons  whose 
ordinary  pursuits  are  not  calculated  to  promote  that  knowledge,  or  to 
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impart  such  a  taste.  Many  societies  combine  the  objects  of  those  two 
classes,  such  as  the  British  Association,  and  the  Philosophical  Society  of 
Glasgow.  In  the  third  class,  is  the  society  to  which  we  belong:  and 
the  object  of  this  class  is  the  Impkovement  of  Practice  ;  and,  com- 
bined with  that,  is  another  important  object — ^that  of  keeping  practical 
men  informed  of  what  is  going  on  elsewhere  in  their  art,  and  of  the  ex- 
periments made  by  others.  And  this  is  a  most  important  object ;  for  much 
time  and  money  may  be  wasted,  and  much  trouble  be  thrown  away,  by 
making  experiments  that  have  been  made  already ;  and  an  institution  such 
as  ours  does  much  to  prevent  that  evil.  Now,  this  class  of  society  is  distinct 
from  that  whose  object  is  specially  the  advancement  of  science;  for,  in  that 
class,  the  practical  results  are  only  regarded  as  experiments  from  which 
scientific  conclusions  may  be  drawn ;  they  are  used  merely  as  the  data 
for  some  scientific  investigation : — whereas,  in  our  society,  practical  results 
are  the  main  object  A  society  of  this  kind  is  different  from  those  of  the 
second  class  that  I  have  mentioned,  which  tend  towards  making  science 
popular ;  for  we  shall,  to  a  great  extent,  have  to  consider  details  unin- 
teresting or  unintelligible  to  the  general  public.  One  of  the  objects  of 
this  society  is,  that  its  members  shall  discuss  details  with  which  they  could 
not  venture  to  take  up  the  time  of  a  mixed  and  popular  meeting. 

Having  explained  to  you  the  nature  of  this  Institution,  I  will  state  how 
it  originated.  Amongst  previously  existing  institutions  of  the  same  class, 
is  the  "  Institution  of  Civil  Engineers,"  which  for  many  years  has  held 
its  meetings  in  London,  and  the  benefits  arising  from  which  are  generally 
acknowledged ;  also  the  "  Institution  of  Mechanical  Engineers,"  having 
its  chief  place  of  meeting  at  Birmingham,  and  holding  its  meetings  at 
other  places  besides,  such  as  Manchester,  Newcastle,  and  (last  year  for 
the  first  time)  in  Glasgow.  I  may  also  refer  to  the  "  Institution  of  Civil 
Engineers  in  Ireland,"  which  is  of  recent  date,  but  of  great  utility.  I  think 
I  may  trace  the  origin  of  the  foundation  of  our  present  society  to  the  effect 
of  the  meeting  of  the  "Institution  of  Mechanical  Engineers,"  held  in 
Glasgow  in  the  autumn  of  last  year.  Almost  all  the  members  here  will 
recollect  that  meeting,  which,  for  one  of  the  kind,  was  almost  unparalleled 
as  to  attendance,  and  excited  immense  interest  among  the  practical  men 
of  this  city.  One  thing  remarkable  about  that  meeting  was  the  feet, 
that  a  large  quantity  of  interesting  a.id  useful  machinery  was  exhibited  at 
it  by  Glasgow  makers.  Those  proceedings  very  naturally  produced  the 
impression,  that  a  society  of  engineers  holding  its  meetings  in  Scotland, 
and  in  Glasgow  as  the  chief  seat  of  practical  mechanics  in  Scotland,  would 
be  successful ;  and  that  idea  having  occurred  to  a  few  individuals,  wns 
gradually  discussed  by  more  and  more,  until  it  led,  about  six  months  ago, 
to  the  foundation  of  this  Institution. 
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We  are  distingiuslied  from  the  Institution  of  Civil  Engineers,  and  from 
the  Institution  of  Mechanical  Engineers,  by  combining  those  two  branches, 
as  well  as  mining  engineering,  founding,  and  iron  shipbuilding ;  and  I  think 
that  combination  is  a  most  judicious  measure.  In  former  times,  one  could 
draw  a  line  between  civil  engineering  and  mechanical  engineering.  There 
was  a  time  when  civil  engineering  was  confined  to  works  in  stone,  earth, 
and  timber,  and  when  the  use  of  iron  was  restricted  to  the  purposes  of 
the  mechanical  engineer.  But  now,  iron  has  become  so  important  a 
material  in  the  great  works  of  civil  engineering,  that  the  two  branches 
have  been  very  much  assimilated,  and  it  is  difficult  to  draw  the  line 
where  one  pursuit  ends  and  the  other  begins ;  and  the  same  may  be  said 
of  various  other  branches  of  engineering.  It  is  on  this  account  that  the 
Institution  has  included  amongst  its  members,  civil  engineers,  mechanical 
engineers,  mining  engineers,  foimders,  and  iron  shipbuilders. 

The  object  of  this  society  is  the  advancement  of  engineering  and 
practical  mechanics,  and  the  keeping  of  the  members  informed  of  what  is 
being  done  elsewhere  by  other  engineers,  thereby  enabUng  each  one  of  our 
members  to  have  the  benefit  of  the  experience  of  many.  The  advance- 
ment «£  engineering  and  practical  mechanics  comes  from  experimental 
knowledge.  Experiments  are  of  two  kinds : — ^First,  those  which  are  made 
expressly  for  the  purpose  of  testing  the  properties  of  some  particular 
material,  or  ascertaining  the  laws  governing  some  particular  phenomenon, 
and  which  are  intended  for  experiments  and  nothing  more.  Few  men 
engaged  in  practical  engineering  have  time  enough  at  their  disposal  to 
carry  on  such  experiments  as  these,  and  the  leisure  necessary  for  doing 
so  is,  for  the  most  part,  confined  to  a  very  limited  number  of  persons. 
The  second  class  of  experiments  comprises  those  which  occur  incidentally 
in  the  course  of  practice,  and  by  which  many  important  facts  are  brought 
to  light,  but  which  often  pass  unrecorded,  and  are,  in  that  case,  of  no 
use  to  the  great  body  of  scientific  and  practical  men.  The  observation 
of  them  may,  indeed,  be  of  use  to  the  individual  who  observes  them ;  but 
imless  they  are  collected  and  recorded,  the  benefit  to  be  derived  from 
them  is  lost  to  the  profession  and  to  the  public  at  large.  One  of  the 
objects  of  this  Institution  is  to  coUect  and  combine  all  those  dififerent  ex- 
periments which  occur  incidentally  in  the  course  of  the  practical  experience 
of  engineers,  And  to  deduce  useful  conclusions  from  them.  With  regard 
to  the  benefit  of  combining  the  experience  of  many  practical  men,  an  excel- 
lent remark  was  made  by  Mr.  Scott  RusseU  at  the  meeting  of  the  "Mechanical 
Engineers"  in  Glasgow  last  autumn.  He  said,  that  in  a  society  of,  say 
one  himdred  members,  a  member  bringing  the  experience  of  one  man,  gets 
in  exchange  the  experience  of  ninety-nine. 

This  is  a  most  favourable  time  for  the  progress  of  such  an  institution  as 
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ours ;  and  to  show  you  clearly  that  such  is  the  case,  I  may  direct  yoiir 
attention  to  one  or  two  facts  in  connection  with  the  history  of  practical 
mechanics.  In  the  early  part  of  this  century,  the  discoveries  of  Watt  more 
especially,  and  also  those  of  Smeaton  and  others,  gave  a  great  impulse  to 
engineering  and  practical  mechanics.  Then  Tredgold,  Rennie,  and 
Telford,  and  many  more  eminent  engineers,  made  still  further  improve- 
ments  in  mechanics.  ITiat  period  of  improvement,  however,  was  followed 
by  a  time  less  favourable  to  sound  progress  in  mechanics :  a  time  which 
has  happily  now  expired,  for  we  are  again  advancing,  and  I  shall  tell 
you  what  appears  to  me  to  be  the  reason. 

If  I  were  required  to  state  in  one  word  what  constitutes  the  character- 
istic advantage  of  skilful  and  scientific  practice  in  the  useful  arts,  I  should 
say — ^ECONOMY.  By  economy  I  do  not  mean  parsimony,  or  the  use  of 
inadequate  means  towards  an  end ;  neither  do  I  mean  economy  in  money 
only ;  but  economy  of  means  of  all  sorts— economy  of  materials,  of  power, 
of  time.  The  fact  is,  that  perfect  economy  in  any  operation  consists  in 
accomplishing  the  end  proposed  by  an  amount  of  means  just  sufficient, 
without  w^aste.  For  example,  to  construct  a  viaduct  with  just  so  much 
ii'on  as  is  enough  to  support  the  required  load  safely,  and  no  more ;  or 
(to  go  to  machinery  for  an  illustration)  to  drive  a  machine  by  just  so  much 
power  as  is  necessary  to  do  the  work  without  waste : — that  is  economy : 
— to  the  attainment  of  it  all  our  skiU  should  be  directed,  and  I  am  glad 
to  find  that  such  is  being  done  every  day.  Some  years  ago,  however,  the 
case  was  different.  There  was  then  a  period  of  wild  speculation,  which  was 
most  detrimental  to  the  development  of  that  kind  of  skill  that  leads  to 
economy.  For  speculation  and  extravagance  lead  to  the  consequence, 
that  where  a  structure  is  required  to  be  strong,  it  is  made  so,  not  by  skilful 
design,  but  by  clumsy  and  costly  massiveness ;  and  that  where  a  machine 
is  required  to  perform  much  work,  it  is  enabled  to  do  so,  not  by  economical 
use  of  power,  but  by  its  lavish  expenditure.  At  a  period  of  that  sort, 
there  is  a  tendency  to  neglect  economy,  and  the  inevitable  result  is  the 
bringing  about  of  a  state  of  public  opinion  that  discourages  true  skill  in  the 
useful  arts.  It  leads  to  a  prejudice  in  favour  of  structures  and  machines 
in  proportion  to  their  cost,  irrespective  of  the  results  accomplished  by 
them.  At  such  a  period,  a  line  of  railway  will  be  regarded  as  a  great 
undertaking,  merely  because  it  has  cost  a  hundred  -thousand  pounds  per 
mile,  and  a  bridge  will  be  looked  upon  with  admiration  in  proportion 
to  the  number  of  thousands  of  tons  of  superfluous  material  which  it  con- 
tains. The  reaction  afler  a  period  of  extravagance  tends  to  produce  the 
opposite  extreme — ^parsimony :  the  using  of  bad  materials,  and  the  attempt- 
ing to  effect  ends  by  inadequate  means.  But  I  have  very  little  to  say 
about  a  reaction  of  that  kind ;  for  parsimony  is  a  fault  we  very  seldom 
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fall  into  in  this  country :  it  is  not  in  accordance  with  the  British  character, 
r  tliink  the  period  at  which  we  have  now  arrived,  is  a  period  of  prudence, 
when  we  have  hit  the  right  mean  between  economy  and  parsimony, 
and  endeavour  to  produce  all  our  results  as  effectively  as  possible,  and 
without  waste  of  any  kind.  In  fact  we  are  now  arrived  at  a  time  when 
there  is  every  encouragement  to  form  institutions  like  this,  and  to  feel 
confidence  that  the  result  of  our  labours  will  be  appreciated. 

It  has  been  the  practice  on  the  opening  of  societies  of  this  description,  to 
give  a  sketch  of  the  previous  histoiy  of  the  art  or  science  with  a  view  to 
the  promotion  of  which  the  institution  has  been  founded ;  but  it  seems  to 
me  that,  instead  of  congratulating  ourselves  upon  past  progress,  it  would 
be  better  that  we  should  look  forward,  and  see  what  farther  improvements 
are  yet  to  be  made ;  and,  therefore,  I  will  make  a  few  remarks  upon  the 
various  questions  occurring  to  me  on  which  knowledge  is  wanting,  and  to 
the  elucidation  of  which  our  iuture  labours  may  contribute. 

I  shall  begin  by  a  few  observations  with  regard  to  the  properties  of 
materials.  True  economy  and  true  skill  require  the  best  possible  material; 
and  the  best  material  is  that  whidh  is  strongest  in  proportion  to  its  weight; 
and  that  is  the  quality  which  makes  iron  the  most  useftd  and  important 
of  all  materials.  Iron  is  the  most  difficult  of  sdl  materials  to  obtain  pure. 
We  can  easily  obtain  the  other  ordinary  metals  in  a  pure  state — gold, 
copper,  silver,  lead,  tin,  zinc ;  but  the  obtaining  of  pure  iron,  or  iron 
even  approaching  to  purity,  is  almost  impossible.  We  know  that  there 
are  immense  varieties  of  qualities  of  that  metal  as  regards  strength,  and 
that  those  variations  of  strength  arise  from  impurities.  One  mode  of  ob- 
taining good  iron,  is  to  bring  it  from  the  localities  which  produce  it  best — 
such  as  those  where  it  is  smelted  with  charcoal — Russia,  Sweden,  the 
British  possessions  in  America ;  but  the  obtaining  of  it  from  these  places 
is  very  expensive.  Still,  we  know  that  in  the  weakest,  as  well  as 
the  strongest  qualities,  the  iron  itself  is  the  same  substance,  and  that 
its  variations  in  strength  arise  from  combination  with  other  substances, 
such  as  carbon,  manganese,  sulphur,  phosphorus,  arsenic,  silicon,  cal- 
cium, &c. 

The  question  then  arises,  "  Can  iron  produced  in  our  own  country  be  so 
improved  as  to  remove  those  foreign  substances  that  lessen  its  strength  ?  " 
Now,  I  have  no  doubt  that  a  strong  light  may  be  thrown  on  that  impor- 
tant question,  by  collecting  the  experience  of  the  members  of  a  society 
like  this. 

There  are  other  materials  besides  iron  that  demand  our  attention — 
timber,  for  instance.  A  very  important  question  may  arise  as  to  seasoning 
it,  and  preserving  it  from  decay.  For  a  long  time  it  was  thought  that 
timber  took  years  to  season,  and  that  the  operation  should  take  place  in 
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the  open  air ;  but  we  now  find  that  it  can  be  done  in  a  few  days  by  means 
of  an  oven.  Of  coarse  that  process,  being  in  its  infancy,  can  be  improved. 
As  to  the  preservation  of  timber,  it  is  of  consequence  that  we  should  collect 
the  results  of  as  much  practical  experience  on  this  head  as  we  can.  The 
manufacture  of  artificial  stone,  and  the  strengthening  of  natural  stone,  and 
improvements  in  the  manufiicture  of  bricks,  are  also  subjects  of  great 
importance. 

As  to  the  strength  of  materials,  I  scarcely  need  say  that  it  has  for  a  long 
time  been  a  subject  of  inquiry ;  and  much  has  been  discovered  in  refer- 
ence to  it ;  but  the  discoveries  themselves  show  how  much  yet  remains  to 
be  discovered.  I  shall  mention  a  few  of  the  leading  questions  that  have 
lately  arisen  on  this  subject.  There  is  a  very  well-known  rule  for  calcu- 
lating the  transverse  strength  of  beams,  founded  on  certain  suppositions 
respecting  the  laws  of  the  resistance  which  the  particles  of  a  bent  beam 
oppose  to  the  force  which  bends  it.  The  rule  is  as  follows : — Divide  what 
is  called  the  moment  ofinerHa  of  the  cross  section  of  the  beam  by  the  lever- 
age of  the  load,  and  by  the  greatest  distance  of  any  particle  from  the  neutral 
axis ;  and  multiply  the  quotient  so  obtained  by  a  constant  mvUipUer^  de- 
pending on  the  nature  of  the  material.  Now,  it  has  always  been  well 
known  to  scientific  men,  that  the  suppositions  upon  which  that  rule  is 
founded  are,  in  some  respects,  not  exactly  true ;  but  it  has  been  very  generally 
taken  for  granted,  that  the  error  in  the  calculation  is  too  small  to  be  of 
importance  in  practice ;  and  in  order  to  obviate,  in  a  measure,  the  defect 
that  was  apparent,  different  multipliers  were  used.  Some  recent  experi- 
ments, by  Mr.  W.  H.  Barlow,  have  shown  that  no  constant  multiplier  will 
give  the  strength.  If  we  take  several  beams' of  similar  figures,  the  same 
multiplier  will  answer ;  but  as  soon  as  we  vary  the  form  of  the  section  of 
beam,  we  require  a  new  multiplier  for  the  same  material ;  and  Mr.  Barlow 
has  made  considerable  progress  in  determining  what  law  the  variations  of 
the  multiplier  follow.  But  still,  our  knowledge  of  that  subject  is  incom- 
plete; and  it  yet  remains  to  be  discovered  what  is  the  exact  and  true  law 
on  which  to  found  a  rule  for  ascertaining  the  transverse  strength  of  beams. 
As  another  example,  I  may  refer  to  Mr.  Fairbaim's  experiments  on  the 
resistance  of  hoUow  cylinders  against  crushing,  such  as  the  fines  of  boilers. 
Mr.  Fairbairn  has  foimd  that  by  increasing  the  length  of  the  cylinder  the 
resistance  is  diminished ;  so  that,  within  the  limits  of  his  experiments,  the 
strength  is  inversely  as  the  length ;  but  this  must  be  only  an  approximate 
law ;  for,  if  it  were  exact,  a  tube,  how  thick  soever,  could  be  made  so  long  that 
the  slightest  pressure  would  cause  it  to  collapse  :  and  we  have  yet  to  dis- 
cover how  the  strength  of  a  cylinder  against  outward  pressure  can  be 
exactly  computed.  I  have  still  another  question  to  refer  to  with  regard 
to  the  strength  of  materials ;  and  it  is  one  that  has  attracted  much  atten- 
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tion,  haying  been  discussed  at  great  length  at  the  late  meeting  of  the 
**  British  Association**  in  Dublin.  I  refex  to  the  stiffening  of  suspension 
bridges.  This  description  of  bridge  is  that  which  requires  the  smallest 
quantity  of  iron  to  support  a  given  load ;  but  an  objection  to  its  use  on 
railways  is  its  vibration,  which  would  be  so  great,  on  the  passing  over  of  a 
train  at  high  speed,  as  to  be  dangerous.  It  has  been  proposed  to  stiffen 
those  bridges;  and  this  has  been  done  by  means  of  lattice  girders,  that  is 
to  say,  diagonal  braces  and  horizontal  bars  along  each  side.  It  was  for- 
merly supposed  that,  to  make  a  suspension  bridge  as  stiff  as  a  girder 
bridge,  we  should  use  lattice  girders  sufficiently  strong  to  bear  the  load 
of  themselves,  and  that,  such  being  the  case,  there  would  be  no  use  for 
the  suspending  chains.  But  Mr.  P.  W.  Barlow,  having  made  some 
experiments  upon  models,  finds  that  very  light  girders,  in  comparison 
with  what  were  supposed  to  be  necessary,  are  quite  sufficient  to  stiffen  a 
suspension  bridge ;  that,  in  fact,  girders  of  a  certain  stiffness,  attached  to  a 
suspension  bridge,  require,  in  order  to  produce  a  given  deflection,  twenty- 
five  times  the  weight  that  would  produce  the  same  deflection  if  they  were 
not  connected  with  the  suspension  chains.  And  it  turns  out  that,  if  mathe- 
maticians had  directed  their  attention  to  the  subject,  they  might  have  anti- 
cipated this  result.  It  is  true  that  Mr.  Barlow's  experiments  were  made  upon 
models  only ;  and  it  remains  to  be  determined  on  a  large  scale,  whether  a 
suspension  bridge,  with  girders  to  stiffen  it,  is  more  economical  than  other 
forms  of  bridge,  and  whether  we  ought  to  use  plate  girders,  half-lattice 
girders,  lattice  girders,  bowstring  girders,  stiffened  chains,  or  girders  of 
some  other  form.  That  is  a  question  about  which  there  is  much  contro- 
versy, and  which  can  only  be  settled  by  the  collection  and  scientific  dis- 
cussion of  the  experience  of  practical  men.  The  progress  that  has  of  late 
years  been  made  in  the  crossing  of  large  valleys  by  means  of  viaducts 
of  moderate  cost,  has  been  very  great  indeed.  Not  long  ago,  it  was  con- 
sidered very  moderate  if  a  viaduct  could  be  constructed  at  the  rate  of  7s. 
per  cubic  yard  of  space  covered ;  now  the  work  can  be  done  for  3s.  6d.  or 
4s.  per  cubic  yard  of  space.  ' 

The  construction  of  iron  ships  is  a  topic  of  importance  to  which  I  shall 
call  your  attention.  There  are  very  many  questions  remaining  unsettled 
on  this  subject.  Mr.  Scott  Russell  pointed  out,  at  the  meeting  of  the 
British  Association,  the  error  into  which  builders  fall  in  constructing  iron 
vessels  on  the  same  plan  as  they  do  wooden  vessels,  with  keel,  ribs,  and 
planking,  although  the  materials  of  the  two  do  not  at  all  resemble  each 
other.  But  although  this  error  is  evident,  no  one  likes  to  be  the  first  to 
run  the  risk  of  constructing  a  ship,  or  anything  else  of  such  magnitude, 
upon  a  new  principle ;  and  it  must  be  regarded  as  showing  great  courage 
on  the  part  of  Mr.  Brunei  and  Mr.  Scott  Russell,  that  they  have  imder- 


8  Th€  Presidmea  Address, 

taken  the  building  of  so  large  a  vessel  as  the  Qreat  £kisUm*  on  an  entirely 
new  plan,  substituting  cells  for  ribs,  and  dispensing  with  the  keel.  There 
is  much  yet  to  be  discoyered  in  the  art  of  building  iron  ships ;  and  in  this 
locality,  where  iron  shipbuilding  is  practbed  on  so  extensive  a  scale,  we 
look  forward  to  the  exertions  of  this  society  for  the  collection  of  important 
results  of  experience. 

With  regard  to  boiler  explosions,  I  think  it  is  most  important  that,  in 
all  cases  of  such  accidents,  the  exact  facts  should  be  minutely  recorded ; 
and  that  is  one  of  the  duties  that  should  be  performed  by  this  society. 

I  shall  now  pass  to  the  consideration  of  the  means  which  we  use  for  the 
purpose  of  performing  work,  and  for  effecting  changes  in  the  condition 
and  form  of  materials.  The  agent  we  chiefly  use  for  that  purpose  is  heat;  and 
the  great  agent  for  the  production  of  heat  is  the  combustion  of  coal ;  so  that 
economy  of  fuel  is,  perhaps,  the  most  important  subject  coming  before  any 
one  studying  practical  mechanics.  Numerous  experiments  are  made  upon 
this  subject  every  day,  by  almost  every  person  using  a  fui'nace ;  but  the 
benefit  of  these  experiments  is  lost  to  the  profession  for  want  of  their  being 
recorded.  I  would  suggest,  therefore,  that  a  register  should  be  kept  of  the 
consumption  of  fuel  in  the  different  furnaces  of  the  city.  The  economy  of 
fuel  is  a  subject  that,  forty  years  ago,  attracted  the  attention  of  the  Rev. 
Dr.  Robert  Stirling,  who  invented  an  apparatus  for  saving  heat,  called 
the  "  regenerator,"  or  "  economiser.'*  This  apparatus  is  intended  to  be 
used  when  any  fluid,  whether  liquid  or  gaseous,  requires  to  have  its  tem- 
perature alternately  raised  and  lowered.  The  fluid  is  passed  alternately 
backwards  and  forwards  through  a  grating  or  network  of  some  solid  con- 
ducting substance,  which  alternately  takes  away  from  the  fluid  and  gives 
back  to  it  a  large  proportion  of  the  heat  required  to  produce  the  alternate 
changes  of  temperature.  Heat  which  would  otherwise  be  wasted  is  thus 
stored  up  and  saved,  to  be  used  over  and  over  again.  This  apparatus, 
though  employed  to  a  limited  extent,  has  never  been  brought  into  general 
use.  But  recently,  Mr.  Siemens  devised  an  application  of  the  same  pinn- 
ciple  to  furnaces,  which  seems  to  have  answered  well ;  and  it  is  to  be  hoped 
that  the  use  of  this  principle  may  be  farther  developed.  As  another  inven- 
tion for  the  economy  of  fuel  will  be  brought  before  you  in  a  paper  to  be 
read  this  evening,  it  is  unnecessary  for  me  farther  to  advert  to  the  matter. 

The  subject  of  economy  of  fuel  leads  us  naturally  to  the  consideration  of 
the  steam-engine,  and  the  economy  of  its  power.  All  steam-engines  now  ex- 
tensively used  in  practice,  axe,  in  fact.  Watt's  engines,  more  or  less  developed 
and  improved ;  and  it  appears  that,  in  some  instances,  an  economy  has  now 
been  attained,  such  that  the  consumption  of  coal  is  from  2  lbs.  to  2}  lbs. 

*  Since  named  the  Lwlathan. 
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per  hour  per  indicated  horse-power.  Theory  shows  that  this  is  ahnost  the 
greatest  economy  we  can  arrive  at ;  and  if  we  want  to  economise  farther, 
we  mnst  introduce  some  new  principle,  such  as  the  use  of  superheated 
steam,  or  heated  air,  which  is  analogous  to  superheated  steam,  inasmuch 
as  it  can  be  worked  at  a  high  temperature  without  attaining  a  dangerous 
pressure.  The  theory  of  this  subject  is  now  well  understood;  and  the  only 
difficulty  that  exists  is  as  to  its  convenient  practical  application. 

The  use  of  electro-magnetic  engines  is  also  a  subject  for  consideration : 
and  to  show  that  these  are  not  mere  matters  of  specidation,  I  may  mention 
that  they  are  actually  used  in  France  for  driving  small  and  delicate 
machinery,  and  are  found  to  be  well  adapted  for  nice  workmanship,  where 
great  power  is  not  required,  as  they  are  dean,  easily  managed,  and  cooL 
But  they  are  more  expensive  than  steam-engines.  To  produce  a  given 
total  amount  of  energy,  the  electro-magnetic  engine  consumes  thirty-two 
pounds  of  zinc  for  every  six  pounds  of  coal  that  the  steam-engine  consumes ; 
but,  from  the  better  economy  of  power  of  which  the  electro-magnetic 
engine  is  capable,  it  is  possible  that,  for  a  given  us^l  effect^  the  ratio  of 
consumption  may  be  one  pound  of  zinc  for  one  poimd  of  coal,  which  would 
still  leave  a  great  excess  of  cost  against  the  electro-magnetic  engine.  The 
subject  is,  however,  well  worthy  of  attention. 

With  regard  to  railways,  there  are  many  questions  yet  to  be  decided ; 
for  vuitance,  we  do  not  at  present  possess  a  perfectly  satisfactory  permanent 
way,  and  we  require  much  more  experience  before  we  shall  possess  it  The 
quality  of  rails  used,  too,  is  unsatisfactory,  and  requires  improvement. 
Another  want  in  railways  is  the  means  of  going  up  inclines  as  steep  as 
those  on  common  roads,  without  the  use  of  stationary  or  auxiliary  engines, 
and  that  is  a  thing  which,  I  have  no  doubt,  can  be  attained  by  perseverance 
and  careful  study. 

Improvements  in  canals  are  also  proper  for  our  consideration,  such  an 
the  form  of  boats  causing  the  least  resistance,  and  also  the  best  mode  of 
traction  along  canals.  At  this  late  hour  of  the  evening,  I  shall  only  men- 
tion docks,  harbours,  and  sea-works  in  general ;  for  the  subject,  if  I  went 
into  it,  would  lead  me  to  occupy  your  time  too  long. 

The  electric  telegraph  is  also  a  subject  in  which  mechanical  engineers 
are  concerned — ^at  least  with  reference  to  the  machinery  required  for  the 
submersion  of  submarine  cables.  It  is  evidently  a  problem,  what  is  the 
best  machinery  for  that  purpose. 

Then  there  is  sanitary  engineering — drainage,  cleansing,  ventilation, 
water  supply — and  the  ventilation  of  mines.  There  is  the  arrangement  for 
the  production  and  supply  of  gas ;  and  on  this  subject  I  may  say,  that  it 
is  desirable  the  matter  should  be  studied  with  a  view  to  discover  some 
mode  of  diminishing  the  cost  of  gas. 

B 
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The  next  subject  upon  which  I  shall  touch  is  that  of  accurate  workman- 
ship, one  of  the  most  important  means  of  promoting  economy  in  machinery, 
for  it  is  the  means  of  diminishing  friction,  wear  and  tear,  and  breakage,  and 
tends  to  economise  power,  money,  and  materials.  It  is  simply  by  accurate 
workmanship  that  Mr.  Whitworth  has  produced  a  rifle  that  will  carry  a 
ball  accurately  a  mile.  This  leads  to  the  question  of  improyements  in 
tools,  another  most  important  matter,  but  so  well  appreciated  in  this  great 
mechanical  city,  that  I  need  not  do  more  than  mention  it 

Another  point  of  great  interest  is  the  reform  of  the  present  system  of 
measures,  especially  those  of  length.  The  civil  engineer  uses  the  mUe  for 
measuring  a  long  distance,  the  cham  for  a  shorter  distance,  the  yard  for 
earth  or  rubble,  the  ^<X  for  ashlar  masonry,  timber,  and  the  larger  dimen- 
sions of  iron  structures ;  for  scantlings  of  timber  and  iron,  he  uses  the  inch^ 
which  is  also  the  unit  of  the  mechanical  eng^eer,  and  this  is  divided  into 
eighths,  sixteenths,  and  thirty-second  parts.  Now  this  complexity  is  most 
inconvenient,  and  should  be  reformed ;  but  the  difficulty  is  to  get  people 
to  agree  to  a  standard. 

Legislation,  too,  as  it  affects  engineering,  is  a  subject  of  most  impor- 
tant moment  for  our  consideration.  The  patent  law,  although  now 
greatly  better  than  it  was  some  years  ago,  still  requires  improvement, 
as  regards  both  the  law  itself  and  its  administration;  and  that  is  a  topic 
that  should  be  thoroughly  discussed  by  an  institution  of  engineers— of  per- 
sons who  both  hold  patents  of  their  own,  and  use  those  of  others,  and  who 
are  therefore  liable  to  be  concerned  very  frequently  with  the  patent  law. 
Another  kind  of  legislation  to  which  an  institution  of  engineers  should 
turn  its  attention,  is  that  concerning  the  public  safety.  If  any  laws  of 
the  kind  be  provided,  they  should  be  such  as  shall  not  check  the  enter- 
prise of  engineers  and  mechanics,  nor  waste  time,  nor  involve  any  greater 
restraint  or  inconvenience  than  is  absolutely  necessary.  And  in  order 
that  the  legislature  may  be  fully  informed  of  the  facts  that  should  guide 
them  in  framing  laws  on  such  matters,  it  is  of  the  utmost  importance  that 
those  subjects  should  be  publicly  discussed  by  such  institutions  as  ours. 
I  refer  to  this  now,  because  I  am  sorry  to  observe  a  disposition  on  the 
part  of  some  very  eminent  persons,  to  recommend  restrictions  that  I  should 
think  very  injudicious.  For  instance,  at  a  recent  meeting  at  Birmingham, 
one  of  the  most  distinguished  men  in  the  world — Lord  Brougham — sug- 
gested that  the  speed  of  railway  trains  should  be  limited  to  twenty-five  or 
thirty  miles  an  hour.  Now,  with  proper  care  and  good  management,  a 
speed  of  seventy  miles  an  hour  can  be  made  as  safe  as  one  of  seventeen: 
accidents  do  not  arise  from  the  degree  of  speed,  but  from  bad  con- 
struction or  mismanagement;  and  the  putting  of  a  restriction  on  the  speed 
is  not,  therefore,  the  proper  way  to  prevent  them.     Good  workmanship 
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and  good  management  are  what  are  required,  and  not  a  diminution  of 
speed.  To  prevent  a  horse  from  running  away,  we  should  not  tie  his 
legs,  but  put  a  good  rider  on  his  back. 

Having  thus  fax  touched  upon  a  few  of  the  subjects  which  it  will  be  our 
province  to  elucidate,  I  shall  conclude.  The  matters  I  have  brought  under 
your  notice,  are  but  a  few  of  those  which  lie  in  the  vast  field  that  is  before 
us.  The  locality  in  which  our  Institution  is  established,  is  probably  the 
veiy  best  we  could  have  selected,  and  on  this  point  I  cannot  help  repeating 
to  you  the  excellent  observation  that  Sheriff  Bell  made  at  a  public  meet- 
ing last  year.  He  remarked  that  Glasgow  combined  in  itself  the  advan- 
tages of  Manchester,  Liverpool,  Birmingham,  and  Newcastle,  with  some 
peculiar  advantages  of  its  own ;  that  it  had  the  manu£ustures  of  Manchester, 
the  shipping  of  Liverpool,  the  hardware  of  Birmingham,  and  the  coal  of 
Newcastle,  along  with  its  own  advantages.  In  fact,  considering  the  vast 
extent  and  great  perfection  with  which  some  branches  of  practical  mechanics 
are  here  carried  on,  more  especially  in  undertakings  on  a  large  scale,  such 
as  iron  shipbuilding,  and  steam-engine  making,  we  may  say  that  Glasgow 
is  the  Metropolis  of  Mbchakios.  If  an  institution  of  engineers  is  to 
make  good  progress  anywhere,  it  ought  to  be  in  Glasgow.  I  trust  that,  in 
this  respect,  my  most  favourable  anticipations  will  be  before  long  fulfilled, 
and  that  our  Institution  will  prove  of  benefit  to  practice,  to  science,  and  to 
the  coimtry. 

On  the  motion  of  Mr.  Neil  Bobson,  seconded  by  Mr.  James  Febguson, 
a  cordial  vote  of  thanks  was  passed  to  the  President  for  his  address.. 

The  following  discussion  then  took  place : — 
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On  Mr,  WhUwarth^i  propaed  System  of  Decimal  Dioidona  of  the  Inch. 

The  Pbesidemt — ^referring  to  the  observations  which  he  had  made,  in 
the  coarse  of  his  introductory  address,  on  the  acknowledged  evils  of  the 
existing  system  of  measures  of  length— said,  that  proposals  for  obviating 
those  evils  were  proper  subjects  for  the  Institution  to  discuss.  Amongst 
those  proposals  was  that  of  Mr.  Whitworth,  to  adopt  a  decimal  division  of 
the  inch  for  all  purposes  of  mechanical  engineering,  instead  of  the  binary 
division  now  used.  Mr.  Whitworth  proposed  to  adopt  a  system  of  gauges 
and  sizes,  which  should  be  certain  exact  numbers  of  Ukoueandih  parte  of  an 
inch,  instead  of  certain  exact  numbers  of  tMrty-aeoond  parU^  and  to  substi- 
tute for  the  present  numbers  on  the  wire-gauge,  which  are  of  uncertain 
meaning,  and  indicate  different  sizes  in  different  localities,  a  series  of  num- 
bers expressing  the  number  of  thousandth  parts  of  an  inch  in  the  thickness 
of  the  wire  or  other  thing  measured.  Thus,  No.  64  on  Mr.  Whitworth's 
wire-gauge  would  mean  *064  inch  (y^^ths),  and  would  nearly  agree  with 
the  present  No.  16 ;  and  the  numbers  on  the  new  gauge  would  foUow  the 
order  of  size,  instead  of  the  reverse  order,  as  they  now  do.  Mr.  Whit- 
woith^s  proposal  had  been  discussed  at  great  length  at  the  recent  Man- 
chester meeting  of  the  Institution  of  Mechanical  Engineers ;  and  its  essen- 
tial principle  had  been  adopted  by  that  body  to  the  extent  expressed  by 
the  following  resolution : — 

"  This  meeting  pledges  itself  to  the  adoption  of  the  decimal  scale,  the 
inch  being  divided  into  a  thousand  parts." 

The  President  added,  that  he  did  not  propose  Mr.  Whitworth*s  system  for 
adoption  by  the  present  meeting,  but  as  a  matter  worthy  of  consideration 
and  discussion. 


Mr.  JoHH  DowifiB  laid  before  the  meetiiig  a  scale  need  by  him  in  the  ezecntion  of  6o- 
yemmeDt  orders,  and  in  which  the  inch  is  divided  into  hundredths.  He  also  exhibited,  as  a 
practical  application  of  the  decimal  system  which  had  long  obtained,  a  couple  of  gauges  for 
shot — one  being  wliat  is  termed  high  gange,  and  measuring  4-117  ioches;  and  the  other 
low  gauge,  measnrhig  4'08d  mches.  He  remarked,  that  very  great  difficulty  was  found  in 
working  to  the  Tx^m^^i  ^  ®^^^  ^«  t^^  ^  ^"^  ^^ ;  that  these  quantities  were  quite  inap- 
preciable by  the  present  cUiss  of  workmen,  although  he  did  not  doubt  that,  in  course  of  time 
and  with  proper  training,  the  accuracy  of  workmanship  corresponding  to  them  might  be 
attained. 

In  reply  to  a  question  from  Mr.  Neil  Bobson, 

The  PuEsiDiurT  stated  that,  at  the  Manchester  meeting,  it  was  only  with  reference  to 
tho  inch  that  the  decimal  system  of  subdivision  had  been  discussed. 
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Mr.  R0B8OH  thought  it  was  aomfmhat  prematare  to  oome  to  a  detenninatkm  on  the  sub- 
ject, especially  as  regarded  larger  measures  than  the  inch.  He  would  not,  however,  oppose 
the  passing  a  similar  renhition  to  the  Mancheter  one  as  far  as  regards  the  indi,  that  being, 
in  his  opinion,  a  step  in  the  right  direction,  so  far  as  it  went 

Mr.  WAI.TEB  Keiubon  thought  that  there  was  no  dlflBcnltj  in  working  to  hundredths 
or  thousandths  of  an  inch,  such  as  to  aflfect  the  principle  of  decimal  divisions.  Where 
miontely  accurate  workmanship  is  not  required  or  attainable,  the  smaller  divinons  need  not 
be  used.  It  was  a  question  of  mere  name.  If  a  size  were  expressed  in  thousandths  of 
an  inch,  a  man  could  work  as  near  the  particular  thousandth  required  as  he  could  if  it 
were  a  sixteenth  or  an  dghth,  although  his  work  when  finished  might  be  more  than  one- 
thousandth  of  an  inch  from  the  truth  in  either  case.  The  subject  was  undoubtedly  one  of 
great  importance.  It  caused  an  extraordinary  excitement  at  the  Ifianchester  meeting  of 
engineers  at  which  he  was  present ;  and  it  was  then  attempted  to  settle  and  fix  upon  the 
adoption  of  Mr.  Whitworth^s  B3rstem  without  ftirther  consideration.  He  (Mr.  Keilson)  would 
oertainly  olyject  to  adopt  a  decimal  division  of  the  inch.  Our  whole  system  of  measurements 
required  reformation.  Any  partial  plan  would  merely  increase  the  confusion.  No  one  could 
for  a  moment  deny  the  absurdity  of  the  existing  system  of  weights  and  measures  of  this 
country.  He  did  not  believe  a  single  person  present  could  repeat  from  memory  the  entire 
table  of  weights  and  measures.  Our  neighbours,  the  French,  have  long  since  adopted  a 
beautiful  and  complete  system— one  that  can  be  taught  to  a  person  of  ordinary  intelligence 
in  a  very  few  minutes,  whilst  its  elements  are  so  shnple,  that  the  whole  will  be  easily 
remembered  during  one*s  whole  life.  Now,  if  we  in  this  country  adopt  a  new  decimal 
system  with  the  inch  as  unit,  we  shall  copy  the  French  as  (isr  as  r^aifds  the  principle,  whilst 
our  actual  measures  will  be  quite  difitsrent  from  theirs.  Their  system  and  measures  hare 
now  had  a  long  trial,  and  are  found  to  work  very  satisfactorily.  Why,  then,  should  we 
not  at  once  adopt  their  system  and  measures  thus  ready  to  our  hand,  instead  of  wasting 
time  in  discussing  a  new  or  different  unit?  Mr.  Neilson  was  aware  that  it  was  a  matter 
of  controversy,  whether  we  or  the  French  had  adopted  the  best  standard  of  linear  measure- 
ment ;  but  he  did  not  think  the  diffisreQce  was  of  any  practical  importance,  and  he  should 
certainly  advocate  the  adoption  of  the  French  system. 

The  Pbbsiobht  remarked,  that  thoee  who  spoke  at  the  Manchester  meeting,  bemg  me- 
chanical engineers,  discussed  the  decimal  system  with  the  inch  for  its  unit  as  being  the  most 
convenient  for  them,  and  did  not  enter  mto  the  question  as  to  what  might  be  convenient  for 
others. 

Mr.  D.  Mobs  sud,  he  understood  the  Government  contemplated  before  long  taking  into 
consideration  the  reformation  of  the  weights  and  measures  of  the  country;  and  he  thought 
the  Institution  should  send  up  a  petition  to  Grovemment  in  fiivour  of  a  general  decimal  sys- 
tem, and  that  the  various  scientific  institutions  in  England  should  be  invited  to  join  in  such 
a  petition.  He  quite  agreed  with  Mr.  KeOaon,  that  Mr.  Whitworth's  proposed  system  was 
of  too  partial  a  nature. 

After  a  few  further  remarks  from  various  gentiemen,  the  disoossion  of  the  sntject  was 
a^lonmed  to  a  future  meeting. 


The  following  paper  was  then  read : — 
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On  M.  BeauJume*B  System  of  Heating  SUam-BoUer  and  other  Furnaces  by 
means  of  Gas  produced  by  a  Partial  Conversion  of  the  Coal,  Compiled 
from  Documents  communicated  by  the  Goitnt  du  la  Taillb  des 

ESSABTS. 

Instead  of  burning  coals  in  the  furnaces  of  steam  boilers  in  the  ordinary 
way,  M.  Beaufum6  first  converts  them  into  gas,  and  then  bums  this  gas 
beneath  the  boilers.  The  ordinary  coal  gas  or  carburetted  hydrogen  pro- 
duced by  distillation  in  closed  retorts,  though  well  adapted  for  lighting 
purposes,  is  too  costly  where  great  heating  power  is  required.  The  gas 
produced  by  M.  Beaufum^,  is  a  mixture  of  carbonic  oxide  and  carbu- 
retted hydrogen,  and  possesses  great  heating,  but  small  lighting  power. 
He  obtains  the  gas  by  partially  burning  and  wholly  distilling  the  coal  in  a 
furnace  or  gasifier,  into  which  the  proper  quantity  of  air  is  forced.  This 
air  passes  through  an  incandescent  layer  of  the  coals,  and  its  oxygen  com- 
bines with  the  carbon  to  form  carbonic  acid  gas,  which  passing  upwards 
through  less  heated  layers  of  coal,  assumes  a  second  equivalent  of  carbon, 
and  becomes  converted  into  carbonic  oxide.  It  is  a  mixture  of  this 
carbonic  oxide  with  the  distilled  hydrocarbons  of  the  coal  which  is  con- 
veyed to  and  burned  in  the  furnace  of  the  steam  boiler,  after  being  mixed 
with  the  quantity  of  atmospheric  air  necessary  for  complete  combustion, 
which  takes  place  without  the  production  of  smoke. 

The  inflammable  gas  is  produced  in  what  M.  Beaufum^  calls  a  gasifier. 
This  apparatus  is  represented  in  longitudinal  and  transverse  vertical  sec- 
tion in  figs.  1  and  2,  Plate  I.,  and  consists  of  a  furnace.  A,  very  like  a 
locomotive  fire-box  in  shape,  and  surrounded  on  all  sides  except  beneath 
the  grate-bars,  b,  by  a  water  space,  c,  which  prevents  loss  of  heat  by 
radiation,  and  in  fistct  constitutes  a  small  detached  boiler  raising  a  certain 
amount  of  steam  to  be  added  to  that  of  the  main  boiler.  The  furnace  is 
filled  with  fuel  to  a  considerable  height,  say  20  to  28  inches,  according 
to  the  quality  of  the  coal.  The  coal  is  introduced  by  two  double-valved 
passages,  B,  in  the  roof  of  the  furnace.  When  the  outer  cover,  s,  of 
either  passage  is  opened,  the  valve,  f,  at  the  inner  end  is  closed  to  prevent 
the  escape  of  gas.  When  the  fuel  is  introduced  into  the  passage,  the  outer 
valve,  E,  is  closed,  and  the  inner  one,  f,  opened,  and  the  fuel  falls  into  the 
furnace,  no  more  gas  escaping  from  the  furnace  than  the  small  quantity 
filling  the  passage,  d.  Instead  of  leaving  the  supply  of  air  to  the  uncer- 
tain action  of  a  draught,  the  proper  quantity  is  forced  between  the  fire- 
bars by  a  blowing-fan.  The  air  enters  the  ashpit,  g,  by  apertures,  H,  on 
opposite  sides,  whereby  a  uniform  pressure  is  obtained  without  partial 
currents.     When  the  apparatus  is  properly  regulated,  the  top  layers  of 
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coal  remain  in  a  black  and  comparatively  cold  condition,  the  layers  near 
the  fire-bars  alone  becoming  incandescent.  Carbonic  acid  gas  is  produced 
amongst  the  incandescent  layers  of  fuel ;  but  this  gas  passing  up  through 
the  comparatively  cold  layers,  combines  with  additional  carbon  to  form 
carbonic  oxide.  This  carbonic  oxide,  mixed  with  whatever  gases  are  formed 
from  the  bituminous  constituents  of  the  coal,  passes  off  by  an  outlet,  l, 
near  the  top  of  the  furnace,  and  is  conveyed  by  the  pipe,  m,  to  the  fur- 
nace, N,  of  the  steam  boiler,  o.  Certain  simple  but  peculiar  arrangements 
are  necessary  in  the  boiler  furnace  for  the  efficient  combustion  of  the 
gases.  The  air  to  be  mixed  with  the  gases  is  supplied  by  means  of  the 
same  blowing^&n  which  supplies  air  to  the  gasifier,  and  is  made  to  tra- 
verse a  circuitous  passage,  p,  exposed  to  the  waste  radiant  heat  of  the 
furnace,  so  as  to  become  heated.  The  inflammable  gases  issue  from  the 
supply  pipe,  m,  by  a  series  of  passages,  r,  arranged  in  a  horizontal  line  at 
short  intervals  apart,  whilst  the  air  issues  by  passages,  s,  occupying  the 
intervals  between  the  gas  passages,  r.  In  fig.  1,  the  section  is  taken 
through  one  of  the  air  passages,  whilst  in  fig.  2,  the  pipe,  m,  is  sectioned 
in  such  a  way  as  to  show  the  gas  passages.  .With  this  arrangement  the  air 
and  gases  become  well  mixed,  and  are  burnt  in  a  imiform  and  complete 
manner.  Several  fire-brick  arches  or  deflectors,  T,  are  arranged  in  the 
furnace  to  insure  the  complete  inflammation  of  the  gases,  by  receiving  a 
portion  of  the  heat  of  the  flames  already  formed,  and  communicating  it  to 
the  as  yet  iminflamed  gases.  These  deflectors  also  serve  to  a  certain 
extent  to  protect  the  boiler  surface  firom  the  too  intense  action  of  the  flames, 
rhe  gases  remaining  afler  combustion  pass  through  the  flues,  and  escape 
into  the  atmosphere,  under  the  pressure  due  to  the  blowing-fan,  no  chimney 
being  required. 

Amongst  details  not  specially  referred  to  in  the  preceding  description, 
are — 

The  air-ducts,  i,  j,  the  former  of  which  conveys  air  to  the  steam  boiler 
furnace,  whilst  the  latter  admits  the  supply  for  the  gasifier  into  a  passage, 
K,  beneath  the  ashpit,  6,  and  communicating  with  the  apertures,  h,  at 
each  end.  A  portion  of  the  air-duct,  i,  is  seen  in  fig.  1,  where  a  damper, 
Q,  is  applied  for  the  purpose  of  regulating  the  supply.  From  this  point 
the  passage  is  carried  along  to  the  back-end  of  the  boiler,  near  the  bottom 
surface  of  the  furnace,  and  is  shown  returning  at  p,  fig.  1 ;  this  circuitous 
route  being  adopted  to  heat  the  air  by  the  heat  that  would  otherwise  be 
wasted.  A  pipe,  u,  is  provided  for  the  discharge  of  the  products  of  com- 
bustion on  the  fuel  in  the  gasifier  being  first  lighted.  The  gasifier  boiler  is 
provided  with  safety  valves,  v,  and  the  steam  firom  it  passes  off  by  the  pipe, 
W,  from  which  a  branch,  x,  conveys  a  supply  to  the  small  donkey-engine 
driving  the  air-fan,  whilst  another  branch,  y,  communicates  with  the  main 
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boiler,  o.  It  is  found  advantageous  to  inject  steam  occasionally  below  the 
furnace-bars,  b,  of  the  gasifier  furnace,  and  this  is  done  by  means  of  the 
pipe,  z.  Yalved  openings,  a,  are  formed  in  the  side  of  the  gasifier  for  the 
purpose  of  examining  and  stirring  the  ^el,  and  doors,  6,  are  provided  for 
cleaning  the  furnace-bars  and  ashpits. 

RESULTS  OF  EXPERIlfEKTS  MADE  AT  CHERBOURG  WVTISL 
M.  BEAUFUMA'S  heating  APPARATUa 


Date. 


Kind  of 
Fuel. 


Water  Evaporatod. 


Daring 

the 
Expmt. 


Per 
Hoar. 


Per  lb. 

of 
Coal. 


ObiervaUona. 


May 

7 
8 


May 
28 
29 


June 
2 
4 


6 


Jane 
12 
15 
16 
17 
18 
23 
25 

26 

29 


Seriu  No.  1.     The  BoUer  of  the  Forge  heated  by  the  ordinary  Fumaee. 
H,   If.         lbs. 

21} 


970i 
101 


Large 

NewcaBtle 

CoaL 


lbs. 

4620 
4905 


lbs. 

643-5 
561-9 


lbs. 

4-865 
4-835 


Series  M.  2.    The  Boiler  qfthe  Forge  heated  by  the  Beaufumi  Apparatue, 


8    45 

1058}  I 
1021   ) 

Large 

5610 

644-4 

6-21 

8    30 

Newcastle 

7110 

836-5 

6-71 

8    80 

Coal. 

6621 

778-5 

8-26 

Series  No,  3.     The  Boiler  of  the  Forge  heated  by  the  Beairfuinl  Apparatus, 


8    30 

847 

Small  Coal. 

6131 

875-6 

7-24 

8    30 

81H 

Cardiif. 

6744 

791-8 

8-30 

8      0 

761 

fNewall's 
\  Llanelly. 

5518 

689-7 

7-25 

Series  No,  4.     A  Tubular  Boiler  heaied  by  the  Beaujumi  Apparatus, 


0 
15 
15 
0 
0 
0 
0 

30 

45 


1500 
849 
1235 
1235 
1058A 
1058^ 
2029 

476§ 

653  J 


Newcastle 
Coal. 


12751 
7353 

12218 

11618 
9788 
9420 

17719 

6921 
6923 
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An  apparatus  constructed  on  M,  Beaufum^'s  system  was  last  year  tried 
by  the  French  Government,  at  the  Imperial  Arsenal  at  Cherbourg,*  and 
the  above  table  and  notes  are  abstracted  from  a  report  of  the  experi- 
ments then  made,  by  MM.   Guesnet,  Admiralty  Engineer,  and  Sochet, 


*  PermiBsion  has  been  obtained  to  erect  M.  Beanfam^'s  apparatus  at  Woolwich  dock- 
yard, for  the  purpose  of  testing  its  capabilities. 
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Director  of  Naval  Construction.  Four  series  of  experiments  were  made^ 
the  results  of  which  are  given  in  the  table.  The  first  three  series  of 
experiments  were  made  with  the  boiler  of  the  establishment,  called  the 
Northern  Forge  at  Cherbourg.  This  boiler  was  of  12  horses  power,  h  had  a 
total  heating  surface  of  167i  square  feet,  and  its  ordinary  grate  surface  was 
12J  square  feet.  The  gasifier  supplied  by  M.  Beaufum^  had  a  grate  sur- 
face of  5:^  square  feet,  and  a  depth  of  fuel  of  27^  inches  could  be  consumed 
in  it  The  apparatus  was  11^  feet  high,  and  occupied  a  space  of  10  feet  by 
6^  feet.  The  air-supplying  fan  was  driven  by  a  donkey-engine  at  the  rate 
of  1000  revolutions  per  minute,  and  the  blast  produced  was  equal  to  a 
column  of  water  1*97  inches  high. 

The  fourth  series  of  experiments  were  made  with  one  of  four  tubidar 
boilers,  lying  in  the  boiler-yard  at  Cherbourg,  ready  for  the  steamer 
Antdape. 

iOI.  Guesnet  and  Sochet  conclude  their  report  in  the  following 
words : — 

"  From  what  has  been  said,  it  is  obvious  that  M.  Beaufum^'s  heating 
apparatus  works  with  perfect  regularity ;  is  quite  free  from  smoke ;  and 
effects  a  great  saving.  The  saving  derived  from  it,  as  compared  with  the 
ordinary  system  of  heating,  reached  as  much  as  38  per  cent,  in  our  experi- 
ments, and  there  is  no  doubt  that  the  saving  of  one-third  may  be 
reckoned  upon  with  certainty. 

There  are  no  difficulties  in  working  the  apparatus ;  it  requires  perhaps 
a  little  extra  care  and  attention,  but  not  so  much  as  to  constitute  a  matter 
for  serious  consideration. 

It  has  the  advantage,  above  all,  of  being  able  to  use  economically  fuel 
of  a  kind  which  can  only  be  burnt  in  ordinary  furnaces  with  great  diffi- 
culty, such  as  small  coal. 

It  has  the  inconvenience  of  throwing  a  quantity  of  carbonic  oxide  into 
the  boiler-house,  and  although  this  is  not  of  much  importance  on  land,  it 
might  be  serious  on  board  ship.  This  defect  is  less,  the  less  frequently 
the  fuel  is  stirred  up ;  and  with  Cardiff  coals  it  scarcely  exists,  as  they  do 
not  require  stirring  up.  We  must  also  remark,  that  although  M.  Beau- 
fume's  apparatus  has  reached  a  practicable  state,  it  is  still  too  recent  an 
invention  to  be  incapable  of  improvement,  and  M.  Beaufum6  hopes,  and 
we  believe  it  quite  possible,  to  remove  the  defect  in  question  altogether. 

With  this  apparatus  the  getting  up  of  steam  at  starting  requires  no 
more  time  than  with  ordinary  furnaces,  when  the  boiler  works  every  day ; 
but  it  is  otherwise  when  the  apparatus  is  cooled  down,  and  no  motive  force 
is  at  hand  to  drive  the  blowing-fan,  before  the  gasifier  is  itself  capable  of 
driving  it.  An  extra  half  hour  is,  under  these  circumstances,  always 
required  to  get  up  steam  in  the  boiler.     This  is  doubtless  a  great  incon- 
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TemencCy  but  it  would  disappear  if  a  small  donkey-engine,  with  a  small 
boiler  capable  of  getting  up  steam  very  rapidly,  were  employed  specially  to 
set  the  apparatus  agoing. 

Finally,  this  apparatus  takes  up  a  little  more  room  than  is  ordinarily 
required. 

We  do  not  think  that  the  inconveniences  we  have  pointed  out  can  be 
compared  with  the  advantages  of  regularity,  freedom  from  smoke,  and 
great  saving  which  it  possesses,  more  particularly  over  all  land  boilers ; 
and  we  consider  this  new  system  of  heating  so  decided  an  improvement 
upon  other  systems,  that  it  will  be  desirable  to  make  some  attempts  to 
introduce  it  for  marine  purposes  also. 

We  must  not  conclude  this  report  without  mentioning,  that  the  Beau- 
fum^  apparatus  may  be  employed  in  the  arsenal  in  other  ways  besides 
heating  steam  boilers.  It  could  probably  be  used  with  great  advantage 
in  the  furnaces  of  the  forge,  and  it  would  be  desirable  to  try  it  for  this 
purpose  at  Gu^rigny." 

The  Pebsidbkt  give  the  following  additional  particulan :— The  experiments  at  Cher- 
homg  were  made  under  very  unfiiTonrable  circumstanoea.  The  boiler  oaed  in  the  first, 
second,  and  third  series  of  experiments  was  evidently  a  yerj  bad  one,  as,  with  the  ordinary 
furnace,  only  4*83  lbs.  water  were  evaporated  per  lb.  of  coal.  In  all  the  experiments  the 
water  supplied  to  the  boiler  was  cold ;  and  as  it  is  usual  to  reduce  the  results  of  experi- 
ments of  this  kind  to  the  results  which  would  have  been  obtained  if  the  boiler  had  been 
supplied  with  water  of  a  temperature  of  212"*,  we  must  add  18  per  cent,  to  the  results  ob- 
tained in  the  first,  second,  and  third  series,  and  16  per  cent  to  those  obtained  in  the 
fourth  series  of  experiments.  With  this  correctbn,  the  results  obtained  become  in  one  case 
9'8  lbs.,  and  in  another  10*6  lbs.,  evaporated  per  lb.  of  coal.  The  proprietors  of  the  apparatus 
obtained  even  better  results  in  thdr  own  experiments,  in  which  the  water  supplied  was  of  a 
temperature  of  about  100**.  One  of  the  best  results  obtained  was  equivalent  to  an  evapora- 
tion of  nearly  12  lbs.  of  water  per  lb.  of  coal  from  a  temperature  of  212°. 

Mr.  Walteb  Macfarlamb,  being  uuder  the  impression  that  the  paper  on  Mr.  Beau- 
fum^s  apparatus  had  already  been  published  in  one  or  two  scientific  periodicals,  expressed 
his  opinion  that  sufficient  original  talent  might  be  found  amongst  the  members  of  the  Insti- 
tution without  having  recourse  to  materials  which  were  patent  to  the  entire  pubUc,  aa 
appeared  to  have  been  the  case  in  the  present  instance. 

The  PRBsroEirr  explained  that  the  report  of  the  experiments  at  Cherbourg  had  been 
translated  into  English,  and  printed  for  private  circulation  only;  and  that  one  or  two 
copies  had  been  given  to  the  editors  of  the  periodicals  referred  to,  after  it  had  been 
arranged  to  bring  the  matter  before  the  present  meeting.  Nothing,  however,  but  the  report 
or  portions  of  it  bad  as  yet  been  published,  whilst  the  abstract  from  the  report  formed  only 
a  portion  of  the  paper  Just  read,  that  paper  containing,  in  addition,  a  full  description  and 
drawing  of  the  apparatus,  and  various  important  particulars — in  fact,  the  more  valuable 
portions  of  the  paper  had  not  been  published. 

Mr.  William  Darlino  said,  that  a  gieat  portion  of  the  heat  derivable  from  the  fuel  waa 
already  given  out  during  the  formation  of  carbonic  oxide,  and  that  the  combustion  of  this 
gas  could  only  }ie1d  a  small  additional  quantity  of  heat  corresponding  to  its  conversion  into 
carbonic  acid.     The  furnace  was  a  variety  of  the  many  schemes  for  admitting  air  behind 
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tfae-fire-baiB,  a  mode  which  fiuled  in  pnctioe,  as  erinoed  by  the  large  qiumUties  of  carbonic 
oxide  ponied  forth  from  our  chimneys  eyerj  day.  He  thought  M.  Beanfame*8  system 
too  loondabont 

Mr.  J.  O.  Lawsib  thought  the  Beaaftim6  apparatoa  a  mere  modification  of  the  innamer- 
able  smoke-brnnrng  fnmaces  already  in  existence.  Its  chief  point  seemed  to  be  a  proper 
regnlation  of  the  supply  of  air,  although  this  regulation  might  not  be  efl^ted  in  the  same 
way  aa  in  other  arrangements.  The  whole  secret  of  smoke-burning  lay  in  proportioning  the 
supply  of  air  to  the  actual  requirements  of  the  fuel  If  there  was  too  little  air,  there  was 
amc^e ;  and  with  too  much  air,  there  was  waste  of  foel. 

Mr.  John  Eldeb  thought  the  eraporation  of  10  Ibe.  of  water  per  lb.  of  coal  was  too 
strong  a  fact  to  leave  room  for  a  theoretical  discussion  on  the  action  of  the  gases  and  the 
burning  of  the  smoke.  Such  a  result  was  much  beyond  his  experience ;  and  if  the  hcX  of 
its  being  obtiuned  could  be  established,  the  yalue  of  the  system  could  not  be  disputed. 

The  P&B8n>KnT  remarked,  that  the  results  mentioned  rested  on  the  authority  of  the 
French  engineers  appointed  by  Goyemment 

Mr.  Eldbb  thought  that  the  burning  of  40  lbs.  of  coal  per  square  foot  of  grate  might 
be  due  to  the  blast 

The  Pbxsideut  said  that  the  burning  of  so  much  coal  per  square  foot  was  owing  to  the 
fiu:t,  that  a  partial  combustion  only  took  place  in  the  gasifier. 

Mr.  6.  Habyet  remarked,  that  the  heat  giyen  out  on  the  formation  of  the  carbonic 
oxide  was  not  lost,  the  gasifier  being  surrounded  by  a  water-space  which  ntilised  it. 

Mr.  D.  MoRB  remarked,  that,  however  good  the  results  obtained  might  be,  we  must  think 
of  the  stokers.  The  escape  of  the  gas  into  the  boiler-house  was  a  great  objection ;  and,  unless 
that  could  be  doue  away  with,  the  apparatus  could  not  be  used.  He  thought  that  if  the 
coals  were  thoroughly  consumed,  and  reduced  to  ashes  in  a  common  fiumace,  as  much  heat 
would  be  got  as  by  the  roundabout  plan  of  first  making  gas  of  them,  and  then  burning  the 
gas.    No  more  heat  could  be  got  ont  of  the  coal  than  was  in  it 

Mr.  J.  Eldbb  had  generally  observed  that  the  greater  the  heat  of  the  fumaoe  the  better 
was  the  result  obtained ;  and  he  thought  that  the  good  results  in  the  present  case  might 
arise  from  the  very  great  heat  in  the  furnace. 

The  Pbesident  remarked,  that  the  gasifier  frimace  was  surrounded  by  water  to  keep 
down  the  heat,  as  the  inflammable  gases  could  not  be  produced  in  the  manner  wanted  were 
the  heat  of  the  gasifier  to  become  too  great.  The  ftunaoe  of  the  main  boiler  was  fitted  with 
fire-brick  aidies  to  distribute  the  heat  amongst  the  gases,  and  to  render  the  combustion 
complete. 

Mr.  D.  MoBB  said,  that  however  interesting  patent  smoke-burning  schemes  appeared  to 
be  theoretically,  he  had  generally  found  the  promised  saving  of  fuel  to  end  in  smoke.  He 
was  disinclined  to  believe  French  experiments  and  figures,  having  more  fiuth  in  English  ones. 

Mr.  Tait  said,  he  should  receive  the  particulars  and  alleged  results  of  such  experiments 
wiih  much  doubt  and  hesitation,  and  from  what  he  knew  of  similar  experiments,  he  believed 
that  the  economy  of  ftiel  consequent  on  the  peculiar  arrangement  of  this  fbmace,  would  be 
found  when  worked  with  ordinary  care,  and  under  ordinary  circumstances,  to  be  somewhere 
about  half  that  reported.  It  was  possible,  however,  that  its  economy  might  be  on  a  par 
with  that  of  furnaces  of  ordinary  construction. 

The  pRBsiDEMT  mentioned  that  an  apparatus  on  Mr.  Beaufhme*s  system  was  shortly  to 
be  erected  near  Glasgow  to  heat  four  reverberatory  furnaces;  and  when  it  was  in  action,  the 
members  of  the  Institution  would  have  an  opportunity  of  ascertaining  the  results  for  them- 
selves. He  moved  a  vote  of  thanks  to  the  Count  de  la  TaUle  des  Essarts,  by  whom  the 
paper  had  been  communicated.     This  vote  was  seconded  by  Mr.  Robson,  and  passed. 
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The  Second  Meeting  of  the  Session  was  held  in  the  Philosophical  So- 
ciety's Hall,  on  Wednesday,  25th  November,  1857.  The  President 
occupied  the  chair  during  a  portion  of  the  proceedings,  after  which  it 
was  taken  by  Walter  Neilson,  Esq.,  of  Hyde  Park  Foundry,  Vice- 
President. 


The  following  paper  was  read  : — 

On  Blowing-Fans,     By  Mr.  John  Downie. 

About  ten  years  ago  the  writer  had  his  attention  drawn  to  the  subject 
of  fan-blowing,  in  consequence  of  the  great  absorption  of  power  by  two 
4-feet  fans  of  the  ordinary  eccentric  construction,  applied  to  the  blowing 
of  foundry  cupola  furnaces  at  the  works  with  which  he  was  then  connected ; 
and  with  the  view  of  endeavouring  to  economize  that  power,  a  series  of 
experiments  were  then  begun,  which  have  since  led  him  to  adopt  a  totally 
different  form  of  wind-case  and  rotating  propeller.  Figs.  1  and  2,  Plate 
II.,  are  vertical  sections  of  the  apparatus,  and  a  working  specimen  of  a 
3-feet  drum  or  propeller  is  exhibited,  which  last  will  give  a  much  better 
idea  to  practical  men  of  the  general  construction  employed. 

The  first  alteration  from  the  old  stereotyped  fonn,  was  suggested  by  the 
fact,  that  in  nearly  all  fans  of  the  ordinary  construction,  a  considerable 
outward  current,  or  *'  blowing-out "  of  the  air,  takes  place  at  the  ear  open- 
ing— generally  in  the  directions  indicated  by  the  arrows  at  A  in  fig.  3 — 
whilst  the  air  rushes  in  at  the  lower  portion  of  the  opening,  as  shown  by 
the  arrows  at  b. 

Conceiving  that  if  this  counter-current  (through  which  the  propelling 
blades  or  paddles  had  to  be  driven)  were  removed,  a  considerable  saving 
in  power  and  gain  in  effect  might  reasonably  be  looked  for,  the  first  altera- 
tions that  were  made  went  solely  to  remedy  that  defect.  This  was  done 
by  bringing  the  circumferential  sheet-iron  of  the  case  down  to  the  vertical 
centre  line,  a  piece,  of  the  forni  indicated  by  the  dotted  lines,  being  intro- 
duced in  the  common  fan,  so  as  to  do  away  with  the  blunt  point,  c,  and 
presenting  instead  a  knife-edge,  as  it  were,  at  the  point  of  delivery.  This 
simple  expedient  had  an  extraordinary  effect  in  reducing  the  "  blowing- 
out"  qualities  of  the  fan  under  experiment,  although  the  fen'stUl  adhered 
to  a  little  of  its  old  practice. 
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Ity  however,  gave  sufficient  indication  of  being  a  move  in  the  right 
direction,  by  saving  power  and  gaining  effect,  to  induce  the  writer  to  design 
a  new  &n,  to  blow  in  two  opposite  directions  at  the  same  time,  and  to  do 
the  work  of  the  two  £ins  already  referred  to.  This  gave  an  opportunity 
for  going  into  the  question  of  the  general  proportions  of  the  parts  of  such 
a  machine*  The  first  thing  that  strikes  one  as  peculiar  in  a  4-feet  fan  of 
the  usual  proportions,  is  the  large  allowance  of  ear  opening  (generally  half 
the  diameter  of  the  blades),  compared  with  the  area  of  the  discharge  aper- 
ture (usually  about  12  inches  square  in  such  a  fan) ;  and  the  inquiry  naturally 
arises,  why  an  area  of  more  than  900  square  inches  should  be  allowed  in 
the  ear  openings,  to  supply  a  discharge  of  about  144  square  inches?  Again, 
the  large  ear  openings  necessarily  induce  a  shallow  case,  and  admit  of  only 
a  Tery  short  blade  or  paddle,  so  that  the  inward  current  of  air  is  met  by 
the  heels  of  the  blades  running  at  a  very  high  velocity,  and  it  does  not, 
nor  can  it,  impinge  on  these  without  considerable  resistance*  The  bltmt 
point,  too,  at  c,  fig.  3,  is  not  much  in  fiivour  of  speedy  egress  after  the  air 
has  attained  the  velocity  of  the  blades.  In  fact,  it  cannot  be  expected, 
that  air,  brought  gradually  to  a  high  velocity  by  circular  motion,  will, 
without  resistance,  leave  at  a  tangent  the  circle  in  which  its  motion  has 
been  generated ;  and  it  is  this  resistance  which  causes  and  explains  the 
counter-current,  or  "  blowing-out "  at  the  ear  openings,  and  the  conse- 
quent loss  of  effect  and  absorption  of  driving  power. 

The  writer,  following  out  these  ideas,  constructed  the  double  eccentric 
4-feet  &n-blower,  shown  in  section  in  figs.  4  and  5.  In  this  blower  the  ear 
openings  are  of  only  one-third  the  diameter  of  the  blades,  and  have  an  area 
of  about  400  square  inches.  The  points  of  discharge  or  deflection,  d,  are 
carried  round  about  45**  past  the  vertical  centre  line  of  the  fan,  and  the 
discharge  aperture  is  increased  to  36  X  12  inches,  or  to  an  area  of  about 
430  square  inches,  so  as  to  be  a  little  in  excess  of  the  inlet  area,  and  thus 
secure  free  egress  to  the  air,  which,  being  driven  off  in  the  circle  in 
which  it  is  set  in  motion  simultaneously  at  the  opposite  knife-edge  points, 
D,  is  then  gradually  brought  to  the  straight  line  of  the  conduit  pipe. 
The  rotating  propeller  was  similar  in  form  to  those  used  in  the  two  super- 
seded fans,  the  only  difference  in  construction  being  the  substitution  of  a 
wrought-iron  centre  disc,  to  which  the  blades  were  riveted,  instead  of 
the  usual  cast-iron  centre.  It  may  here  be  observed,  that  the  same 
driving  pulleys  and  gearing  were  used  in  both  cases.  The  distance  the 
air  had  to  travel  before  discharging  into  the  cupola  furnace,  was  about 
100  feet,  and  the  indicated  pressures  were  all  taken  at  the  tuyere  pipe 
at  that  distance  from  the  fan.  The  power  absorbed  was  ascertained  by  a 
d3mamometer  brake,  and  the  pressure  of  the  air  by  a  siphon  tube  filled 
with  water  in  the  usual  way. 
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The  following  experimental  data  and  results  exhibit  the  effect  obtained 
by  altering  the  form  of  the  fan-chest  or  wind-case. 


Kind  of  Fail 

Dismeter. 

BevolntioDB 
Minate. 

Velocity  of 

blade  tipB  in 

Feet  per 

Second. 

Pressure 
in  Inches 
of  Water. 

Power 
Expended. 

No.  1.  Commoiu 

4  feet 
4  feet 

4  feet 

1500 
1200 

1500 

312-6 
250 

812-6 

74 
5 

10 

16H.P. 
12B.F. 

14H.P. 

No.  2.  OominoD.  ...^...... 

No.  8,  Doable  eccentric, ) 
fFig8.6&7) i 

Fans,  Nos.  1  and  2  thus  absorbed  altogether  28  h.  p.,  these  results  being 
obtained  whilst  the  fans  were  blowing  into  the  tuyeres,  the  area  of  which 
was  about  100  square  inches. 

The  results  noted  for  fan,  No.  8,  were  obtained  when  discharging  air 
both  ways,  whilst  on  the  blast  being  concentrated  to  one  set  of  furnaces  (the 
velocity  remaining  the  same),  the  pressure  was  equal  to  12^  inches  water, 
about  9f  H.p.  being  expended.  The  tuyere  area  of  the  cupolas  was 
enlarged  fully  50  per  cent.,  or  to  about  160  square  inches,  when  the  new 
&n  was  started,  the  results  consequently  showing  a  greater  proportionate 
advantage  arising  from  the  alterations. 

Other  fans  were  constructed  on  the  same  plan,  with  similar  results,  but 
with  no  modification  in  their  construction,  save  that  the  wind-case  formed 
a  separate  part,  and  side  cheeks  were  bolted  on,  of  the  full  diameter  of  the 
blades ;  so  that  in  case  of  accident,  or  for  repair,  they  might  be  taken  off,  and 
the  propeller  removed  from  the  case,  without  taking  the  whole  machine 
to  pieces.  This  arrangement  has  frequently  been  found  of  much  impor- 
tance in  the  writer's  practice,  as  fans  so  constructed  have  been  taken  apart 
for  trifling  repair  and  put  together  again  in  little  more  than  half  an 
hour,  thus  saving  great  trouble  vrith  furnaces  and  much  valuable  time,  a 
consideration  of  no  mean  importance  to  the  ironfounder. 

We  now  come  to  the  modified  form  of  propeller  represented  in  figs.  1 
and  2.  Hitherto  the  form  of  wind-case  was  nearly  all  the  writer  had 
attempted  to  alter,  but,  about  five  years  ago,  a  new  feature  presented  itself 
in  the  requirements  of  two  large  cupola  furnaces,  which  were  connected  to 
a  chimney  200  feet  high,  by  a  flue  near  their  tops,  and  consequently 
necessitated  a  very  great  increase  in  quantity  and  also  in  density  of  blast. 
On  looking  around  for  something  to  supply  this  want,  and  on  comparing 
notes,  the  writer  found  that  the  fan  with  improved  wind-case  (which  has 
just  been  described),  gave  as  good  residts  for  the  same  expenditure  of 
power  as  any  of  the  ordinary  fan-blowers  then  in  use,  and  he  set  about 
designing  a  propeller  of  the  form  exhibited  and  represented  in  figs.  1  and 
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2.  This  &n  or  air-propeller  is  made  with  curved  thoroughfares  diverging 
firom  points  near  the  centre  to  the  periphery  of  the  drum,  the  whole  being 
closed  at  the  sides,  and  also  between  the  outer  ends  of  the  thoroughfares 
round  the  circumference. 

The  objects  the  writer  had  in  view  in  adopting  this  construction  were — 

1st.  To  prevent  the  air  in  front  of  the  blades  from  getting  over  their 
side  edges  and  ends,  to  react  inside  the  wind-case. 

2nd.  To  prevent  the  air  driven  off  at  the  points  of  discharge  from 
getting  back  again,  and  to  thus  compel  it  to  go  right  ahead. 

3rd.  To  cause  the  air  driven  off  in  the  circle  in  which  it  is  set  in 
motion  (as  already  described)  to  leave  the  case  with  the  minininTn  resist- 
ance, and  thus  produce  a  better  effect. 

The  results  obtained  on  trial  exceeded  the  writer's  expectations,  and  they 
forcibly  indicate  that  the  propulsion  of  a  forced  current  of  air  is  a  matter 
as  yet  little  understood  by  mechanical  men,  and  that  a  large  field  for  in- 
vestigation is  still  open  to  all  who  choose  to  give  the  subject  their  attention. 
To  ironfounders,  particularly,  the  per-centage  of  saving  obtainable  in  time 
and  fuel  is  enormous,  and  wiU  in  a  few  months^  time  well  repay  the  expense 
of  a  properlyH5onstructed  machine. 

The  following  tabular  statement  gives  the  results  obtained  by  the  fan, 
combining  the  various  improvements. 


Kind  of  Fan. 

Bevolvtlons 
M^nte. 

Velocity  of 

Blade  tips  in 

Feet  per 

Seoond. 

pTGssnre 
In  Inches 
of  Water. 

Power 
Expended. 

AreaofTnyere 
Discharge. 

30  inch  Fan, 

1100 
1200 
1600 
1000 
1200 

162-6 

188 

286 

218 

260 

8J 
11} 
16} 
16 
18} 

abt.  6  H.P. 

"      8H.P. 
"    10  H.P. 
"   12  H.P. 
"   16  H.P. 

160  sq.  in. 
600      " 
600      »» 
600      " 
600      " 

86  inch  Fan, , 

Do 

60  inch  Fan,.......,..,. 

Do 

These  are  the  results  obtained  with  the  fans  in  use  at  the  North  Woodside 
Iron  Works,  where  they  may  be  seen  at  work  during  melting  time  by  any 
one  desirous  of  examining  them. 

The  writer  some  months  ago  supplied  a  50-inch  fan  to  the  Anderston 
Foundry  Company  for  their  large  10-feet  cupola  furnaces,  but  as  their 
steam-engine  was  already  burdened,  they  could  not  spare  the  power 
necessary  to  drive  it  efficiently.  It  was  taken  out  after  trial,  and  their  old 
one,  a  very  excellent  specimen  of  the  common  construction,  42-inch  dia- 
meter, again  put  in.  During  the  time  the  new  one  was  in  use,  the  results 
were  noted  by  Mr.  M'llwham,  the  manager,  who  has  very  kindly  fur- 
nished the  following  details : — 
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''  The  old  42 -inch  fan  running  at  1814  revolutions  per  minute,  the  velo- 
city of  the  blade  tips  being  240  feet  per  second,  gave  10  inches  of  water, 
when  blowing  into  tuyeres  with  an  area  of  about  450  square  inches. 

The  new  50-inch  fan  running  at  1054  revolutions  per  minute,  the  velo- 
city of  the  blade  tips  being  230  feet  per  second,  gave  14  inches  of  water, 
when  blowing  into  the  same  tuyeres.** 

The  conclusions  to  be  drawn  from  the  experiments  described  are,  that 
with  a  given  proportion  of  driving  power,  a  considerable  increase  in  effect, 
both  as  regards  pressure  and  quantity  of  air  discharged,  may  be  obtained, 
by  a  suitable  adaptation  of  parts  in  the  fan-blower ;  and  no  doubt  many 
improvements  remain  to  be  made  in  this  much-neglected,  though  most 
valuable  assistant  in  the  daily  enlarging  operations  of  the  engineer  and 
ironfounder. 


At  this  stage  of  the  proceedings  the  President  vacated  the  chair,  which 
was  taken  by  Walt€r  Neilson,  Esq. 

The  discussion  of  Mr.  Downie*s  paper  was  deferred  until  after  the  fol- 
lowing paper  was  read :— 


On  a  Blowmg-Fan,  25 


On  a  Bhrnng-Fan,    By  W.  J.  Macqttobn  Rankike,  LL.D. 

To  redace  to  the  smalleat  possible  amoiint  tbe  waste  of  power  in  a 
blowing-^n,  the  changes  in  the  velocity  and  direction  of  motion  of  the 
air  ought  to  be  made  as  gradually  as  possible. 

The  velocity  of  the  air  required  in  the  discharge  pipe  is  in  general 
considerably  less  than  that  of  the  air  in  contact  with  the  tips  of  the  fen- 
blades.  In  order  that  this  diminution  of  speed  may  take  place  by  degrees, 
and  may  give  rise  to  increased  pressure  instead  of  merely  wasting  power 
in  eddies.  Motion,  and  noise,  there  should  be  a  certain  clear  space  all 
round  the  fan,  in  which  the  air,  after  leaving  the  fan-blades,  may  perform 
a  certain  number  of  revolutions  before  being  discharged.  The  advantage 
of  such  a  space  appears  to  have  been  known  by  practical  experience  to 
Mr.  Appold  some  years  ago.  Mr.  James  Thomson  was  the  first  to  point 
out  the  theoretical  reason  for  it. 

In  the  experimental  fan,  made  by  Mr.  J.  R.  Napier  and  the  author  of  this 
paper,  the  mean  radius  of  the  case  is  to  the  radius  of  the  fan,  as  the  velocity 
of  the  tips  of  the  blades  is  to  the  velocity  of  the  air  in  the  discharge  pipe ; 
that  being  the  proportion  indicated  by  theory  as  the  best. 

Besides  the  change  of  velocity  which  the  air  undergoes  in  passing  from 
the  fen  to  the  discharge  pipe,  there  is  the  previous  change,  both  in  velocity 
and  direction  of  motion,  when  the  air  receives  its  whirling  motion  from 
the  fan ;  and  this  also  ought  to  be  performed  as  gradually  as  possible.  •  In 
the  experimental  fan  referred  to,  the  blades  are  made  of  the  curved  form 
shown  in  fig.  6,  Plate  11.,  so  that  their  inner  edges  cleave  the  air  without 
striking  it.  The  air,  in  passing  outwards  along  the  blades,  gradually  re- 
ceives from  them  a  more  and  more  rapid  whirling  motion,  until  at  the 
outer  edges,  where  the  blades  are  in  the  direction  of  radii,  the  velocity 
of  the  air  is  the  same  with  that  of  the  blades. 

The  fim  works  with  no  noise,  except  a  slight  fluttering  sound,  inaudible 
beyond  a  few  yards.     The  absence  of  noise  is  a  sign  of  economy  of  power. 

The  proportion  of  the  power  wasted  during  the  changes  in  the  motion  of 
the  air,  may  be  estimated  by  comparing  the  pressure  which  would  be  pro- 
duced in  the  discharge  pipe  if  there  were  no  waste  of  power,  as  computed 
theoretically,  with  the  actual  pressure  as  ascertained  by  experiment. 

The  theoretical  pressure  depends  on  the  figure  of  the  blades,  and  the 
ratio  of  the  diameter  of  the  fan  to  that  of  the  case,  and  is  determined  by  a 
mathematical  equation,  which  will  be  fotmd  in  an  appendix  to  this  paper. 
It  is  sufiicient  to  state  here,  that  the  theoretical  pressure  at  the  outlet  of 
a  fim  formed  and  proportioned  like  that  now  described,  is  that  due  to  the 
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weight  of  a  column  of  air  of  on«  and  three  quarter  times  tbe  height  from 
which  a  body  must  fall  to  acquire  the  velocity  of  the  tips  of  the  blades. 

In  the  experiment  made,  the  number  of  turns  per  minute  was  1000. 

The  circumference  of  the  &n  is  11  feet.  % 

Hence  the  velocity  of  the  tips  of  the  blades  was  183  feet  per  second. 

The  height  due  to  that  velocity  is  520  feet ;  and  one  and  three  quarter 
times  that  height  is  910  feet. 

It  is  usual  to  measure  and  state  the  pressures  produced  by  blowing 
machines  in  inches  of  water.  For  the  purposes  of  this  calculation,  it  is 
sufficiently  accurate  to  take  air  as  having  one-eight-hundredth  part  of  the 
specific  gravity  of  water. 

Then  910  feet  of  air  =  |^  =  1-14  feet  of  water  =  lS-7  inches  of  water, 
which  is  the  theoretical  pressure  at  the  commencement  of  the  dieckarge  pipe. 

The  pressure  was  ascertained  by  experiment  at  a  part  of  the  discharge 
pipe,  between  40  and  50  feet  from  the  fan ;  the  pipe  was  about  one  foot 
square,  and  the  loss  of  pressure  in  overcoming  the  friction  in  it,  must 
have  been  at  least  two  inches  of  water. 

Hence  we  have — 


iofWat«r 

Theoretical  presrare  at  outlet  of  case,  as  above, 13*7 

Lees  friction  in  diachai^  pipe, 2*0 

Theoretical  prannre  at  the  part  of  the  pipe  experimented  on, 11*7 

Actnal  preaanre, 11*0 

Leanring  preasare  wasted  in  the  moving  of  the  air  by  the  fan, *7  inch; 

or  one-fdneUenOi  part  only  of  the  theoretical  pressure  at  <the  outlet  of 
the  fan-case. 

More  experimental  fans  are  now  being  made,  and  the  results  produced 
hy  them  will  be  communicated  to  the  Institution. 

Dimenmna  of  Fan. 

Diameter  of  each  ear, 20  inches. 

Do.      of  fan, 40      " 

Least  radioa  of  case, «... 86      " 

Greatest, 48      »» 

Breadth, 12      » 

Dischaxge  tnmk, 12  inches  square. 

Appendix. 

The  following  is  the  formula  to  calculate  the  theoretical  pressure  at  the 
outlet  of  the  fan-case. 
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Let  V  =  velocity  of  tips  of  blades,  in  feet  per  second ;  v  =  velocity  of 

air  discharged  at  the  outlet  of  the  case,  in  feet  per  second ;  then  theo- 

2  V* ^ 

retical  pressure  in  feet  of  air  =  — --- —  ;  finally,  the  theoretical  pres- 

64*4 

sure  in  feet  of  air  X  ^  =  theoretical  pressure  in  inches  of  water, 

nearly. 

The  difference  between  this  and  the  actual  pressure^  shows  the  loss  by 

friction  and  agitation  of  the  air. 


The  following  discussion  took  place  on  the  subject  of  the  two  preceding 
papers : — 

Dr.  Rankine  further  explained  the  principles  on  which  hie  fan  was  constracted,  and  parti- 
colarlj  the  necesitj  of  leaying  a  sofficieut  space  round  the  tips  of  the  fSsn-blades  for  the  air  to 
make  one  or  two  revolations,  and  become  reduced  in  vdocitj  before  leaving  the  case.  He 
said  it  was  to  be  regretted,  that  the  power  expended  in  the  experiments  oonld  not  be  ascer- 
tained, from  the  impossibility  of  applying  a  djmamometer  to  the  shaft,  which  drove  other 
machinery  besides  the  fan.  In  the  portion  of  tiie  air-pipe  between  the  fan  and  the  point  afr 
which  the  pressors  was  tested,  there  were  several  abrapt  angles,  making  the  comve  of  the 
air  veiy  irregular,  and  2}  inches  would  probably  more  nearly  represent  the  loss  of  pressure 
sustained,  than  the  2  inches  mentioned  in  the  paper;  but  it  was  thought  better  to  err  on  the 
safe  side.  The  result  obtained  was  therefore  very  good,  as,  notwithstanding  the  smallness 
of  the  deduction  made  for  redstance  in  the  pipe,  it  showed  that  not  more  than  the  power 
corresponding  to  -^  inch  of  pressure  was  lost  or  misapplied  in  moving  the  air.  He  intended 
making  further  experiments  in  which  he  should  not  adhere  exactly  to  the  form  showu.  He 
would  communicate  the  result  of  those  experiments  to  the  Institution. 

The  Chaibmait  (Walter  Neilson,  Esq.)  remarked,  that  the  subject  before  the  meeting  was 
one  of  great  importance.  Blowing-fans  were  of  late  years  much  more  generally  used  thau 
fbrmeriy.  He  had  no  doubt  many  present  could  remember  the  time  when  there  were  only 
one  or  two  m  all  Glasgow,  whilst  there  would  now  be  hundreds.  Not  only  smiths*  forges, 
but  large  cupolas  used  to  be  blown  by  bellows.  Many  would  agree  with  him  that  a  large 
amount  of  coals  or  H.  p.  was  daily  wasted  in  Glasgow  in  driving  improperly-constructed  fans. 
It  was  undoubtedly  a  question  of  great  practical  bearing,  and  the  Institution  would  be  doiog 
its  duty  in  requesting  Dr.  Rankine  to  follow  op  the  application  of  his  theoretical  principles. 
Whilst  wo  had  the  theory  from  Dr.  Rankine,  we  had,  on  the  other  hand,  Mr.  Downie's 
practical  results.  There  seemed  to  be  a  little  diff«renoe  of  principle  in  the  two  arrange- 
ments; Mr.  Downie's  fan  expelled  all  the  air  as  it  was  admitted,  whilst  the  other  fan 
expelled  only  a  portion. 

Dr.  Rakkinb  said,  he  had  not  come  forward  with  theory  merely,  but  with  practice ;  he 
had  given  the  performance  of  an  actual  fan.  The  theory  had  been  understood  many  years 
ago ;  but  the  sutject  of  air  in  motion  was  at  present  so  obscure,  that  he  would  be  a  bold 
man  who  should  publish  an  untried  theory  about  it  He  had  said  nothing  about  the  fan, 
until  he  had  actually  seen  it  working.  It  was  not  quantity,  but  pressure  which  was  reqnued 
from  this  fan.  The  tips  of  the  fan-blades  moved  at  the  rate  of  183  feet  per  second,  which 
was  much  faster  than  the  rate  at  which  the  air  was  required  to  move  along  the  pipe,  and 
it  was  proper  to  let  the  velocity  gradually  subside,  before  the  air  left  the  case.     In  the  faa 
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he  had  tried,  the  air  would  perform  about  two  revolntkms  in  the  space  ontaide  the  Uade  tips 
before  leaving  the  case.  All  the  air  entering  the  caseB  goes  onward,  and  none  relaaaes  at 
the  eye.  He  thought  there  was  more  resemblance  between  his  and  Mr.  Downie*8  fan,  than 
was  at  first  i^parent.  Mr.  Downie^s  fan  was  constmcted  on  good  principlea,  and  he  Ukad  it 
mnch.    The  practical  results  Mr.  Downie  had  obtained,  were  certainly  very  good. 

Mr.  J,  R.  Napibb  said,  there  was  a  remaikable  drcumstanoe  oonnected  with  Dr. 
Rankine*s  fan,  which  was  erected  at  the  works  with  which  he  was  connected.  Dr.  Bankine 
said  it  ought  to  produce  12  Inches  of  pressure,  and  they  got  11^  inches.  The  theory  was^ 
therefore,  not  far  off  the  mark  in  this  case.  He  thought  the  absence  of  noise  was  a  direct 
proof  of  economy  of  power. 

Mr.  James  Russbll  inquired  on  what  grounds  the  absence  of  noise  was  considered  to 
indicate  economy  of  power  ?  They  had  an  ordinary  paddle-fan  some  time  since,  which  made 
a  terrific  noise ;  when,  however,  the  blades  were  fixed  to  a  central  disc  instead  of  the  common 
arrangement  of  arms,  there  was  almost  no  noise  at  all ;  but  there  was  no  apparent  diminntioo 
in  the  power  expended.  If  the  having  little  noise  was  a  criterion,  it  would  lie  easy  to 
ascertain  which  was  the  best  &n. 

Dr.  RjLVKVXK  said,  that  of  two  nmilar  fans,  the  quieter  one  would  certainly  be  the  more 
economical.  The  degree  of  noise  was  by  no  means  the  sole  criterion,  but  the  presence  of 
noise  was  an  indication  of  vibratory  motion,  which  must  have  had  power  spent  on  its  pro- 
duction, and  it  would  be  better  to  save  this  power  than  make  the  noise. 

Mr.  David  Rowan  inquired  the  reason  of  the  peculiarity  in  Dr.  Rankine*s  fan  of  giving 
the  air  just  two  turns  in  the  case.  Would  not  more  power  be  consumed  by  conveying  the  air 
over  a  longer  course,  and  could  not  the  velocity  be  reduced  otherwise?  Would  not  a  diffi- 
culty be  experienced  in  arriving  at  the  conclusion  that  the  air  did  make  two  tunu^  seeing 
there  was  no  diviaion  in  the  case  to  separate  the  currents  ?  If  two  turns  in  the  case  did 
the  air  good,  why  not  give  it  four  or  five  turns  ?  He  thought  that  in  the  fan  shown  in  the 
diagram  (fig.  6),  the  air  would  he  too  violently  acted  upon  in  consequence  of  the  smallness 
of  the  blades. 

Dr.  Rankinb  said,  there  was  no  particular  virtue  in  two  turns;  but  it  happened  to  be  what 
was  required  according  to  theory,  in  the  particular  case  for  which  the  fan  was  designed. 
There  was  in  every  case  a  certain  proportion  of  the  parts  which  would  leave  just  sufficient 
space  to  reduce  the  velocity  of  the  air  to  what  was  wanted.  If  the  air  made  three  turns 
instead  of  two,  its  velocity  would  be  still  more  reduced.  The  rule  was  simply  to  the  eflSect, 
that  if  the  velocity  was  to  be  reduced  one-half,  the  outside  diameter  of  the  case  should  be 
double  that  of  the  blade  tips.  Partitions  were  not  put  in  the  case  to  separate  the  successive 
turns  of  the  current  of  air,  as  it  was  better  to  avoid  the  increased  friction  that  they  would 
cause.  No  doubt  a  slight  loss  of  power  was  caused  by  the  increased  length  of  course,  but 
this  loss  was  to  be  put  against  the  loss  that  would  accompany  a  too  sudden  change  in  the 
velocity  of  the  air.  There  was  undoubtedly  less  loss  with  a  gradual  change^in  the  velocity. 
The  matter  rested  only  In  part  on  reasoning,  seeing  the  experimental  results  that  had  been 
obtained.  Other  experiments  were  to  be  made,  and  he  did  not  think  they  had  as  yet  by 
any  means  reached  the  best  forms  and  proportimis. 

Mr.  Downie  remarked,  that  if  the  diameter  of  Dr.  Rankine's  fan  was  increased,  it  would 
give  a  longer  and  a  better  form  of  blade.  In  his  opinion,  the  sooner  the  air  was  discharged 
the  better,  as  it  would  get  rid  of  friction  inside  the  case.  As  regarded  the  loss  of  pressure 
caused  by  the  friction  of  the  air  along  the  pipe,  he  had  found  in  actual  experiment,  that  at 
100  feet  distance  the  loss  was  equivalent  to  2^  to  2f  inches  of  water.  For  evei^'  rectangular 
bend  in  the  pipe,  there  was  about  5  per  cent,  of  pressure  lost.  The  quantity  of  air  discharged 
was  a  point  of  great  importance  with  reference  to  the  power  expended.  He  had  found  that  the 
same  power  supplied  a  much  greater  quantity  of  air  under  a  given  pressure,  when  the  dis- 
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chaige  took  place  from  two  points  of  the  flgui,  than  with  the  oommon  arrangement.  Hie  im- 
proved fim  gave  a  much  higher  resnlt  for  the  velocity  of  the  tips  of  the  fan-blades,  than 
most  other  fims.  Mr.  Scliiele  had  seen  a  80-inch  fan  of  liis  nmning  at  1200  revolutions 
per  minute,  and  giving  8}  inches  of  pressare,  whilst  blowing  into  tayeres  150  square  Inches 
in  area;  when  he  stated  that  a  fim  of  the  same  diameter  on  his  own  principle  would  require 
to  ran  at  the  rate  of  about  8000  revolutions  per  minute,  and  would  not  even  then  produce 
so  great  a  pressnra  with  the  same  area  of  dischai^ge. 

Mr.  William  Howie  remarked,  that  a  great  deal  depended  on  a'proper  arrangement  of  the 
pipe  oonveymg  the  blast  By  rounding  what  had  been  angles  in  a  blast  pipe,  and  extending 
the  tuyeres,  he  had  some  years  ngo  vexy  much  improved  the  action  of  a  cupola.  In  oom- 
paring  the  result  of  diiferent  fans,  it  would  be  necessary  to  ascertain  if  any  of  the  difl^rences 
were  caused  by  the  arrangement  of  the  pipes. 

Dr.  Rahkinb  said,  it  would  be  useful  to  place  some  sort  of  instrument  in  the  pipe  to 
register  the  velocity  of  the  air,  so  as  to  afford  a  means  of  comparing  results. 

Mr.  DowMiE  said,  the  velocity  of  the  air  depended  in  a  great  measure  on  the  size^of  the 
discharge  aperture ;  if  this  were  enlarged,  tbe  velocity  would  be  increased.  If  the  outlet 
were  too  small,  a  portion  of  the  air  would  have  a  tendency  to  come  back  through  the  ear. 

Mr.  Ibaao  Writesmtth  thought  the  form  of  the  blade  had  not  been  sufficiently  dis- 
cussed. In  the  ordinary  fan,  the  blade  was  convex  on  the  leading  side,  and  the  blade 
imparted  the  greatest  velocity  at  the  ear,  and  caused  the  pressure  to  increase  as  the  air  moved 
outwards.  Such  a  form  might  be  given  that  the  air  would  be  gradually  taken  up  at  the 
ear,  and  have  its  velocity  as  gradually  reduced  towards  the  periphery. 

Dr.  Rahkine  said,  the  velocity  in  an  outward  or  radial  direction  was  certainly  greatest 
at  the  ear,  but  the  circular  or  whirling  motion  increased  as  the  air  moved  outwards  from  the 
ear  to  the  blade  tips,  and  it  was  deshrable  to  change  this  as  gradually  as  possible. 

Mr.  Thokas  Bbowm  said,  that  the  blade  in  Mr.  Downie's  fan  being  concave  on  the 
leading  side,  would  have  a  tendency  to  hook  in  the  air.  He  should  certainly  turn  the 
curve  the  other  way,  as  it  was  an  object  to  throw  off  the  air  as  soon  as  possible.  He  (Mr. 
Brown)  had  made  fituis  which  discbaiged  the  air  at  two  opposite  points,  and  had  found  it 
a  good  plan.     He  thought  the  ear  opening  in  Mr.  Downie's  fan  was  too  smalL 

Mr.  DowmB  said,  that  a  convex  blade  tended  to  batter  the  sides  of  the  case,  and  appealed 
to  the  practical  results  that  had  been  obtained  with  his  fkn. 

Mr.  William  Johnstonb,  considering  that  the  subject  was  one  of  great  practical 
importance,  proposed  that  a  small  committee  should  be  named  to  investigate,  and  report 
upon  it 

Dt,  Rahkixb  seconded  this  proposal,  which  was  unanimously  approved  of. 

After  some  discussion,  Messrs.  John  Elder,  Isaac  Whitesodth,  Wm.  Tait,  and  W.  S.  Dixon 
were  named  for  the  committee,  but  a  final  arrangement  was  postponed  until  a  future 
general  meeting. 

The  thanks  of  the  meeting  were  passed  for  the  papers  communicated  by  Mr.  John  Dowoie 
and  Dr.  Rankine. 


A  portion  of  the  following  paper  was  then  read : — 
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Description  of  a  Steam  Pumpmg-Engine  now  hemg  constructed  for  the  Glasgow 
Water  CommiasionerSj  at  their  Eeservoir  in  Drygate  Street  Bj  Mb.  D. 
Mackain. 

This  engine  is  represented  in  side  elevation  in  fig.  1,  Plate  m.,  and  in 
plan  in  fig.  2,  the  pump  being  shown  in  section  in  the  plan.  The  engine 
consists  of  a  horizontal  cylinder  of  25  inches  diameter,  with  a  stroke  of  4 
feet,  and  is  provided  with  a  fly-wheel.  It  works  two  horizontal  pumps  of 
14  inches  diameter,  with  a  stroke  of  4  feet,  and  by  means  of  two  ram 
plungers. 

This  engine  is  being  constructed  from  the  designs  of  the  writer,  and  is 
nearly  a  counterpart  of  another  engine  which  has  been  in  use  for  some 
years  at  the  same  place;  the  difference  being  that  in  the  case  of  the 
earlier  engine,  the  two  pumps  were  closely  connected,  having  only  a  plate 
with  a  stufling-box  between  them ;  whilst  in  the  engine  now  being  made, 
there  is  a  space  of  about  3^  feet  between  the  pimips,  permitting  each  to 
be  more  easily  inspected  and  repaired. 

The  inducements  for  constructing  the  engine  in  this  form  are — Ist^ 
The  lessened  cost  of  building  the  engine-house,  nothing  beyond  a  founda- 
tion being  required.  The  side  walls  are  merely  for  shelter  from  the 
weather,  and  are  in  no  way  connected  with  the  engine.  2nd,  The  con- 
struction of  the  engine,  requiring  no  heavy  weights  to  be  raised  when 
the  ordinary  repairs  of  pumping-engines  have  to  be  made,  which,  at  a 
station,  where  there  is  no  staff  of  men  beyond  the  engineman  and  fire- 
man, is  found  to  be  important. 

One  of  the  upper  clacks  is  represented  in  vertical  section  in  ^g.  1, 
Plate  rV.,  and  in  plan  in  fig.  2.  It  is  of  brass,  and  consists  of  an  annular 
ring,  working  on  a  spindle  in  the  centre.  With  this  construction,  the 
water  passes  through  the  centre  of  the  valve  when  it  is  raised,  as  well  as 
round  the  sides.  The  extreme  diameter  is  15}  inches,  that  of  the  central 
space  being  6  inches. 

The  lower  clacks  are  of  the  usual  butterfly-valve  shape,  of  leathei- 
strengthened  with  iron  plates.  A  valve  of  this  kind,  in  use  in  the 
engine  at  Dalmamock,  is  represented  in  vertical  section  in  fig.  3,  Plate 
IV. 

The  valve  seats,  or  cases,  are  all  btdged  out  round  the  sides  at  a,  so  as 
to  permit  the  free  passage  of  the  water  past  the  valves  when  the  latter  are 
raised. 

The  piston-rod  of  the  steam-engine  passes  through  both  ends  of  the 
cylinder,  being  connected  to  the  fly-wheel  on  one  side,  and  to  the  pump 
plungers  on  the  other  side.  The  plungers  slide  in  brass  collars  in  the 
pumps,  and  are  connected  by  pump-rods  which  pass  through  stufiing- 
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boxes,  so  that  every  precaution  has  been  taken  to  prevent  the  "sagging" 
to  which  horizontal  engines  are  liable. 

The  water  pumped  by  the  engine  in  use,  is  the  surplus,  beyond  the 
wants  of  that  part  of  the  city  termed  the  low-service  district,  which  the 
main  engines  at  Dalmamock  raise  from  the  filters  on  the  banks  of  the 
Clyde. 

This  surplus  escapes  by  two  overflow  pipes,'  at  the  height  of  about  100 
feet  above  high  water  of  neap  tides,  and  it  is  collected  in  a  reservoir  of 
masonry. 

The  average  level  of  the  water  in  this  reservoir  is  from  5  to  6  feet 
below  the  overflows.  From  this  level,  the  engine  at  Drygate  raises  the 
water  to  the  ftirther  height  of  from  180  to  200  feet  above  the  reservoir, 
or  to  a  total  height  of  from  270  to  800  feet  above  low  water.  The  points 
of  delivery  of  the  water  are  not  of  these  heights,  but  it  is  necessary  to 
force  the  water  under  the  pressure  corresponding  to  them,  in  order  to 
overcome  the  friction  in  the  distribution  pipes. 

Th  eengine  already  in  use  began  to  work  permanently  in  August^  1855 ; 
and,  with  little  intermission,  it  has  continued  to  work  since  that  time  for 
seven  days  per  week,  and  about  twenty-three  hoturs  per  day. 

Only  one  of  the  lower  clacks  has  as  yet  been  changed,  as  worn  out. 
The  two  upper  valves  have  been  removed,  the  injury  to  them  having 
proceeded  from  defects  in  the  brass  of  the  lids,  or  valves. 

The  districts  of  the  city  which  this  engine  supplies  with  water,  are : — 

St.  Rolloz,  and  Gamgad  Road. 

The  Rottenrow,  and  houses  on  the  high  ground  near  it. 

The  upper  floors  of  Blythswood  Hill. 

Garnet  Hill. 

Hillhead,  and  the  Great  Western  Road. 

Woodside  Crescents,  and  the  New  West-End  Park. 

The  rapid  increase  of  the  popxdation  in  these  important  districts,  has 
rendered  the  construction  of  an  additional  engine  necessary. 


Mr.  MACKADf  said  the  engines  deecribed  had  been  adopted  on  account  of  their  simple 
conBtnictioiL  They  nqnired  very  little  repair  and  their  expense  was  much  less  than  that 
of  OTdinary  pnmping-engines.  He  thought  the  smallness  of  the  wear  was  attributable  to 
the  employment  of  a  fly-wheel,  by  which  the  worldng  of  the  valves  was  better  regulated. 
It  was  well  known  that  in  pumping-enghies  without  fly-wheels  the  valves  experienced  severe 
ahocks  finom  the  steam.  In  answer  to  an  inquiry  Mr.  Mackain  said,  that  the  pressure  on  the 
pump-valves  was  about  80  lbs.  to  the  inch ;  that  the  engine  worked  at  the  rate  of  25  revo- 
lutions per  minute;  that  the  pump  raised  1200  gallons  of  water  per  minute  200  feet  high ; 
and  that  the  engnie  cost  £1200. 
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Mr.  Walter  Nsilbok  said,  he  had  seen  the  earlier  of  the  two  engisee  described,  at  work. 
It  was  ezccedingly  simple,  compact,  and  cheap.  He  thought,  however,  that  a  short  stroke 
for  pamping-engines  was  entirely  wrong.  The  longer  the  stroke  was  the  better.  His  firm 
had  recently  made  pnmping-engines  with  strokes  of  eight  to  ten  and  even  twdve  feet,  for  six- 
teen to  eighteen  inch  pomps,  and  he  should  reconmiend  a  stroke  of  twenty  feet  where  it  was 
attainable.  The  great  aim  in  oonstmcting  pamping-engines,  was  to  reduce  the  shocks 
occurring  at  each  reversal  of  the  motion  of  the  parts.  In  an  engine  with  a  five-feet  stroke, 
tliia  reversal  occurs  three  times  as  often  as  in  an  engine  with  a  fifteen-feet  stroke,  the  same 
quantity  of  water  being  lifted  in  both  cases.  He  would  recommend  any  ftitnre  pumping- 
engine  like  Mr.  Mackain's,  to  be  made  with  a  sixteen-feet  instead  of  a  four-feet  stroke,  and 
he  did  not  think  the  cost  would  exceed  half  as  much  again  as  the  engine  described,  whilst 
it  would  stand  much  better.  The  fly-wheel  performed  an  important  duty ;  it  caused  tlie 
motion  of  the  plunger  to  gradually  increase  to  a  maximum  at  the  centre,  and  then  as 
gradually  decrease  towards  the  end  of  the  stroke.  In  the  common  Goinish  pamping- 
engines,  on  the  other  hand,  the  steam  lifted  a  dead  weight  throughout  the  stroke,  and  then 
let  it  suddenly  falL  At  the  same  time,  the  shock  was  found  to  be  very  little  in  the  C<miish 
engine ;  but  this  class  of  engine  was  not  so  suitable  for  supplying  water  to  tovms  as  for 
mining  operations. 

Mr.  Mackadt  quite  agreed  with  Mr.  Neilson  as  to  the  preference  to  be  given  to  long- 
stroked  over  short-stroked  pumjMng-engines ;  but  the  engines  he  had  described  wen  merely 
for  a  temporary  purpose,  and  looking  forward  to  thdr  being  superseded  by  works  of  a  more 
permanent  character,  he  had,  as  much  as  possible,  studied  economy  in  the  construction  and 
working  of  the  present  engines. 

Mr.  Walter  Nxilson  said,  he  ought  to  have  mentioned  that  he  was  awaro  the  present 
engines  were  auxSiaiy  engines,  and  merely  temporary.  As  such,  they  were  the  dieapest, 
and  did  the  greatest  amount  of  work  that  could  be  obtained  for  the  outlay. 

The  Pbbsidest  remarked  that  the  different  principles  upon  which  pumping-engines  were 
constructed,  formed  a  very  important  subject  for  discussion  by  the  Institution.  The  engine 
described  by  Mr.  Mackain  appeared  to  be  the  best  that  could  have  been  adopted,  consider- 
ing the  special  circumstances  of  the  case.  He  had  seen  the  earlier  Drygate  engine,  and 
could  speak  highly  of  it 

The  discussion  of  this  subject  was  continued  at  the  next  meeting,  as  will  be  found 
reported  at  page  84. 
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The  Third  Meetino  of  the  Session  was  held  in  the  Philosophical 
Society's  Hall,  on  Wednesday,  23d  December,  1857,  the  Pbesidbnt  in 
the  chair. 


Mr.  D.  Mackain  gave  some  particulars  of  Pumping-Engine  Valves,  in 
completion  of  his  paper  read  at  the  previous  Meeting.  These  particulars 
are  incorporated  in  the  paper  as  given  at  page  30. 

The  following  paper  was  then  read : — 

On  a  Pumping-Engine  Valve, — By  Mb.  Walter  Neilson, 
(of  Hyde  Park  Foundry.) 

^^   * 

The  accompanying  drawing,  fig.  4,  Plate  IV.,  is  a  section  of  valve- 
boxes  and  valves,  as  made  by  the  writer,  for  plunger  pumps. 

The  suction  opening  is  marked  s ;  the  discharge,  D ;  and  the  opening 
to  the  pump,  p. 

The  valve-seats,  a,  are,  in  this  case,  of  cast-iron,  and  have  grooves 
turned  in  them  to  receive  hardwood  bearing  surfaces,  o,  for  the  valves  to 
beat  upon.  The  wood  is  driven  in,  in  short  pieces,  and  afterwards 
turned  up  in  the  usual  manner.  It  will  be  observed,  that  the  valve-seats 
are  fitted  into  the  chests  or  boxes  with  a  very  great  angular  bearing,  so 
that,  on  taking  off  the  valve-chest  cover,  the  valves  and  seats  can  at  any 
time  be  easily  lifted  out.  When  put  in,  they  are  kept  in  their  places  by 
spindles ;  a  solid  one,  b,  for  the  under  or  suction  valve ;  and  a  tubular 
one,  c,  for  the  upper  or  discharge  valve — ^these  spindles  being  screwed 
through  the  valve-box  cover. 

The  valves,  which  are  made  of  gun-metal,  resemble  what  is  called  the 
double  beat  or  equilibrium  class,  being  indeed  designed  from  the  double- 
beat  Cornish  steam  valves,  as  made  by  the  writer. 

The  stroke  of  the  pumps  att-ached  to  these  valves  is  33  inches ;  the 
diameter  of  the  plungers  being  14  inches. 

The  head  pressure  is  from  200  to  300  feet;  and  the  speed  23*825 
strokes  per  minute.  The  valves  work  with  remarkable  ease,  being 
scarcely  heard  to  fall,  and  they  are  firee  from  the  concussion  generally 
attending  force  pumps  with  any  considerable  head  pressure.  The  plungers 
are  worked  from  crank  discs  on  a  shaft  over  the  well ;  this  shaft  gearing 
with  the  crank  shaft  of  the  engine.  The  fly-wheel  is  upon  the  pump 
shaft,  which  makes  rather  less  than  one  turn  for  two  of  the  engine. 
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With  a  long  stroke,  the  valves  should,  perhaps,  have  a  larger  opening 
in  the  top  than  is  shown  in  the  figure,  particularly  if  there  is  a  great  head 
of  delivery,  so  as  to  reduce  the  pressure  upon  the  valve.  In  such  case, 
more  time  would  be  given  at  the  turn  of  the  stroke  for  the  valves  to 
close,  as  in  all  cases  the  valves  ought  to  close  before  the  return  stroke  of 
the  pumps  acts  upon  them.  It  is  very  probable  similar  valves  may  have 
been  used  by  other  parties ;  but  the  writer  thinks  no  apology  is  neces- 
sary for  bringing  the  matter  before  the  meeting,  as  it  is  one  of  the  chief 
objects  of  this  Institution,  to  collect  and  discuss  the  results  obtained  in 
actual  practice. 


The  following  discussion  then  took  place  on  the  subject  of  Pumping- 
Engrines,  in  continuation  of  what  was  said  at  the  previous  meeting,  as 
reported  at  page  32. 

Mr.  Mackain  laid  the  valves  in  nae  at  the  main  engines —the  cylinders  of  which  wen  73 
inches  in  diameter — at  Dalmaniodc,  on  the  banks  of  the  Clyde,  were  butterfly  TalTea  of  36 
inches  diameter,  formed  of  leather  (hippopotamus  hides),  having  malleable  iron  plates  above 
and  below,  rivetted  together,  as  represented  in  fig.  8,  Plate  IV.  When  the  enginea  wen 
first  started,  and  the  demand  for  water  by  the  city  did  not  require  them  to  be  driven  at  a 
greater  speed  than  160  feet  per  minute,  these  valves  lasted  from  six  to  twelve,  and  some- 
times fifteen  months ;  but  the  great  increase  in  the  demand  for  water  since  that  time,  had 
required  the  engines  to  be  worked  at  the  rate  of  about  280  feet  per  minute,  and  this  speed 
subjected  the  valvea  to  great  concussions,  and  caused  much  wear.  He  had  now  great 
difBculty  in  obtaining  iron  of  sufficient  strength  to  withstand  the  concussion,  without  being 
too  heavy.  The  iron  used  was  Lowmoor  plate,  J  inch  thick.  The  valves  generally  split 
in  two,  and  thus  the  leather  mounting  was  lost.  This  had  made  them  expensive,  and  he 
was  making  some  experiments  to  ascertain  the  safety  and  economy  of  brass  yalves  as  a 
substitute. 

In  the  ordinary  pumping  engines,  the  sides  of  the  clack  seats  were  cylindrical,  and  the 
valves  filled  nearly  the  whole  space,  so  that  when  the  water  was  forced  through  them,  they 
had  to  rise  high  to  afiRord  sufficient  area  for  its  |)assage,  and  frequently  broke  the  guards 
used  to  restrain  them.  The  shock  on  shutting  was  also  great,  being  proportioned  to  the 
square  of  the  extent  of  (all  of  the  valve.  To  remedy  this  defect,  in  reconstructing  the 
clack  seats,  he  had  enlarged  their  diameter  Immediately  above  the  valves,  to  the  extent  of 
about  6  inches  beyond  the  body  of  the  valve  seat  This  afiRorded  a  clear  lateral  space  all 
round  the  valve  for  the  escape  of  the  water,  as  shown  in  the  figures.  The  result  was,  that 
the  valves  did  not  now  rise  to  the  guards,  and  their  fell  being  much  lessened,  the  shock  was 
consequentiy  greatiy  diminished. 

He  had  tried  a  lower,  or  suction  valve,  of  the  form  of  Harvey  &  West's,  at  the  Cranston- 
hill  Works.  Its  diameter  wss  20  inches,  and  the  weight  of  the  valve  was  2  lb.  per  faich  of 
area,  whilst  the  height  to  which  the  water  had  to  be  raised  by  atmospheric  pressure  was  aboot 
24  feet,  thus  making,  with  the  weight  of  the  valve,  a  virtual  column  of  nearly  29  feet  of 
water.  This  was  too  much  for  the  velocity  of  the  piston ;  the  water  did  not  flow  with 
rapidity  enough  to  fill  the  pump  barrel,  and  the  engine  struck  heavily  on  the  return  stroke. 
This  compelled  him  to  abandon  this  kind  of  valve,  after  three  or  four  hours*  use. 
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In  rep]/  to  qnestioDfl  from  Mr.  DixoM  and  Mr.  Eldbr,  Mr.  Mackain  said  that  the 
FQBeryoir  fh>m  which  the  Drygate  engine  pumped  water,  was  about  10  feet  below  the 
pnmps,  and  the  average  height  of  the  rorface  of  the  water  about  6  or  6  feet  more.  The 
water  pumped  bj  the  six  mun  engines  at  the  Glasgow  Water  Works,  Dalmamock,  was 
drawn  from  the  filters  on  the  opposite  bank  of  the  river  by  suction  pipes  placed  under  the 
Clyde.  The  water  was  drawn  np  through  the  suction  valves  or  tower  chwks,  and  fell  into 
the  pomp  barrel  above  the  piston  or  plunger.  The  vacuum  required  was  about  18  feet  in 
oidinaiy  circumstances,  but  when  the  filters  were  drained,  and  the  Clyde  low,  the  vacuum 
was  greater.  The  pump  plunger,  when  at  the  top  of  its  stroke,  was  about  4  feet  above  the 
snctioin  valve. 

Mr.  Eldbb,  recurring  to  the  question  before  the  previous  meeting,  regarding  long  and 
short  strokes  for  pumps,  said  it  was  very  important.  Did  not  the  question  resolve  itself 
into  (»ie  of  capacity  ?  If  two  pumps  were  of  the  same  capacity,  say  one  twice  the  length 
of  tiie  other,  and  the  other  twice  the  transverse  area  of  the  first,  and  they  made  the  same 
number  of  strokes  per  minute,  the  action  on  valves  would  be  precisely  the  same  in  both 
cases,  notwithstanding  the  difierence  in  the  length  of  stroke. 

Mr.  Neilson  said,  that  whilst  he  gave  due  weight  to  the  preceding  observation,  he 
should  not  give  up  the  notion  of  ^^  long  strokes,*'  particularly  in  pumps  used  for  mining 
purposes,  where  they  were  limited  as  to  the  diameter  of  the  pump.  An  enlarged  diameter 
also  involved  an  enlai^ged  plunger,  which  would  increase  the  difficulties  connected  with  the 
gland,  whikt  there  would  also  be  more  friction  with  the  larger  plunger.  These  objections 
were  «f  much  importance  in  connection  with  mine  pumps,  more  of  which  were  at  work, 
perhaps,  than  any  other.  He  should  certainly  adopt  as  long  a  stroke  as  possible  for  such 
pumps. 

Mr.  BxLL  remarked  that  it  would  be  uselhl  to  have  a  record  of  the  various  proportions 
of  transverse  area  to  stroke  that  had  been  adopted,  with  the  results  obtained  in  each 


Mr.  D.  MoBB  being  asked  his  experience  of  the  friction  of  glands  and  collars,  and  of 
large  and  smaU  plungers,  said  that  he  had,  some  time  back,  had  something  to  do  with  a 
pump,  14  in.  diameter,  3  feet  stroke,  for  pumping  very  dirty  water,  when  they  were  very 
much  bothered  with  valves  resembling  that  in  fig.  6.  The  pump  barrel  eventually  burst, 
and  they  snbstitnted  three  pumps,  10  in.  diameter,  2  ft.  6  in.  stroke,  with  valves  like  that 
shown  in  figs.  1  and  2,  and  they  had  since  had  no  trouble  whatever  with  them,  beyond 
patting  in  a  new  bucket  once.  These  pumps  were  worked  by  triple  cranks  and  had  been 
seven  yean  in  use. 

Mr.  Eldsb  stated  that  he  had  recently  made  a  pump  four  feet  m  diameter,  with  a  stroke 
of  fourteen  inches,  and  had  -found  it  to  act  very  well.  He  was  to  a  certain  extent  com- 
pelled by  the  peculiarities  of  the  case  to  adopt  this  proportion,  but  it  had  succeeded  so  well 
that  he  should  be  inclined  to  adopt  similar  proportions  in  future,  when  circumstances  ad- 
.  mitted  of  it. 

Mr.  FxBouaoH  thought  some  mechanical  difficulties  would  attend  the  use  of  such  pro- 
portions.   In  the  case  of  plunger  pumps,  the  gland  would  present  a  very  serious  difficulty. 

The  PnssiDBNT  observed  that  the  subject  before  the  meeting  was  one  of  great  importance, 
and  that  much  valuable  information  had  been  given,  not  only  by  the  authors  of  the.  papers, 
but  also  by  various  other  gentlemen.  He  proposed  a  vote  of  thanks  to  Mr.  Mackain  and 
to  Mr.  Neilson  for  their  papers,  which  was  unanimously  passed. 


The  following  paper  was  then  read : — 
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On  a  Speed  Oavemor.     By  Mr.  G.  H.  Smith. 

[OOMDERSBD   BETORT.] 

Mb.  Smith  exhibited  a  working  model  uf  his  governor,  of  a  size  sufficdentlj 
large  for  a  small  steam-engine.  In  this  governor,  a  set  of  vanes  are 
mounted  loosely  upon  arms  radiating  from  a  boss  which  is  capable  of 
sliding  longitudinally  upon,  but  turns  with  the  revolving  spindle  of  the 
apparatus,  and  which  is  connected  to  the  throttle  valve,  or  other  regulator, 
so  as  to  adjust  it  when  moving  longitudinally.  The  main  acting  sur&ce 
of  each  vane  lies  to  one  side  of  the  arm  on  which  it  is  mounted ;  but  the 
vane  also  projects  a  short  distance  on  the  other  side  of  the  arm,  where  it 
is  jointed  to  a  link,  which  last  is  jointed  to  a  boss,  fixed  or  adjusted  upon  the 
spindle.  When  the  engine  rotates  at  its  proper  speed,  the  vanes  are 
disposed  obliquely,  and  the  resistance  created  by  their  rotation  balances 
a  weight  or  spring  acting  in  the  opposite  direction.  On  the  engine's  rate 
increasing,  the  resbtance  to  the  motion  of  the  vanes  acts  with  considerable 
leverage  upon  the  sliding  boss,  and  causes  it  to  rise  and  adjust  the  valve. 
On  th  eengine^s  rate  becoming  too  low,  the  weight  or  spring,  being  under- 
balanced  by  the  resistance  to  the  rotation  of  the  vanes,  causes  the  sliding 
boss  to  descend,  and  so  adjusts  the  valve.  The  stationary  boss  to  which 
the  inner  ends  of  the  vanes  are  linked,  and  which  acts  as  the  fulcrum 
whereby  an  increased  leverage  upon  the  sliding  boss  is  obtained,  can  be 
adjusted  for  different  speeds,  when  the  apparatus  is  in  motion.  The  work- 
ing model  has  adapted  to  it  a  simple  self-recording  apparatus,  by  which  it 
has  been  ascertained  that  the  time  occupied  by  a  rise  of  the  sliding  boss, 
sufficient  to  close  the  throttle  valve  of  a  steam-engine,  never  exceeds  one 
second. 

Mr.  Smith  considers  this  governor  to  possess  the  following  advantages : 
— 1.  Simplicity,  rendering  it  inexpensive,  and  not  likely  to  get  out  of 
order ;  2.  Rapidity  of  action  much  greater  than  in  common  governors ; 
8.  Power  of  adjusting  the  governor  for  different  speeds  whilst  in  action ; 
and  4.  Suitableness  for  marine  engines,  in  consequence  of  its  acting  equally 
well  in  all  positions. 


Mr.  Surra  pat  the  working  model  of  his  governor  in  motion,  and  explained  its  action. 

Mr.  p.  Stirtjmo,  observing  ttiat  the  principal  feature  in  the  governor  appeared  to  be  ii.< 
being  made  to  run  much  liMter  than  the  main  shaft  of  the  engine,  inquired  how  the  high 
velocity  rendered  the  governor  more  sensitive  than  the  ordinary  ball  governor.  Suppose 
the  vanes  were  detached  and  free  to  rise  in  the  air,  and  revolving  at  a  rate  just  sufficient  to 
maintain  them  in  one  position  ;  how  many  more  revolutions  per  minute  would  be  required 
to  raise  them  up? 
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Ms.  Smith  said,  his  governor  did  not  act  liJce  a  solid  screw  la  water.  The  vanes  were 
contiiTed  so  that  the  up-beazing  pressure  of  the  air  acted  with  oonsiderable  levsnge  to 
tuni  them  on  their  arms.  As  the  vanes  rose  th^  became  more  nearly  liorixontal,  or  at 
right  an^es  to  the  spindle,  and  if  they  attained  the  horizontal  position  they  would  not  rise 
ftuther,  bat  before  they  did  so  the  throttle  valve  woaid  be  dosed. 

In  reply  to  an  inqoiry  by*  Mr.  Stirii^g  as  to  what  woold  occur  if  the  vanes  did  not 
change  their  obBquity,  Mr.  Smith  said  no  practical  velocity  would  then  make  them  rise 
with  sufficient  force  to  do  the  work  required  firom  the  governor.  The  model  governor 
exhibited  was  capable  of  raiaing  a  weight  of  5  Iba.  on  its  velocity  being  increased. 

Mr.  HowDKN  thought,  fix>m  the  description  of  Mr.  Smith's  govenior,  that  it  wonld  be 
incapable  of  keeping  an  engine  at  ito  normal  speed.  It  possessed  the  same  faults  as  the 
ordinary  ball  governor. 

Mr.  Smith  said,  it  was  much  more  seBsttiTe  than  the  common  governor,  and  tiiat  it  was 
cspftble  of  being  adjusted  to  different  velocities  whilst  in  motion.  He  had  not  seen  any 
other  governor  possessing  tiiis  power. 

Mr.  J.  R.  Nafibb  said,  Mr.  Smith's  governor  might  be  of  great  importance  at  sea.  A 
senaitive  governor  was  much  wanted  for  marine  engines,  the  resistances  to  which  varied  so 
much  and  so  rapidly.  A  screw  propeller,  for  example,  was  at  one  time  in  the  water,  and 
at  another  time  quite  out  of  it,  and  a  governor  was  wanted  which  would  prevent  the  engines 
from  nmniDg  away  in  the  latter  case.  Mr.  Smith's  governor  appeared  to  be  more  sensi- 
tive than  the  ball  governor,  and  to  possess  more  power  to  overcome  the  zesistanoe  to  its 
at^nsting  action.    It  would  be  desirable  to  try  it  at  sea. 

Mr.  Elder  remarked  that  sensitiveness  was  undoubtedly  very  desirable.  Ordinary 
governors  in  many  cases  did  not  operate  until  after  the  change  of  velocity  had  caused  the 
injury  which  the  governor  was  intended  to  prevent.  Before  the  ordinary  governor  could 
act  on  the  throttle-valve,  the  change  in  the  velocity  had  to  overcome  the  inertia  of  the 
baUa.  The  action  of  Mr.  Smith's  governor  did  not  depend  on  its  rotating  mass,  but  on  the 
atmosphere.  On  an  increased  velocity  increasing  the  pressure  of  the  aur,  this  shifted  the 
vanes  at  once,  the  inertia  to  be  overcome  in  them  being  inappreciable.  The  leverage 
obtained  by  ilie  arrangement  of  the  vanes  was  a  great  improvement  on  the  ordinary 
fan  governor.  He  referred  to  ffick's  governor,  which  he  had  seen  tried,  and  which,  if 
anything,  acted  too  soon,  or  continued  to  act  on  the  throttle  valve  longer  than  was  neces- 
sary.   It  would  sometimes  quite  close  the  throttle  valve  without  being  able  to  reopen  it 

Mr.  HowDEN  observed,  that  the  ordinary  ball  governor  was  wrong  in  theory,  as  was 
also  Mr.  Smith's.  Assuming  the  normal  rate  of  the  engine  to  be  40  revolutions  per  minute, 
as  long  as  this  was  maintained  the  balls  would  move  in  a  particular  plane.  On  an  mcrease 
in  the  velocity,  the  balls  would  rise  and  close  the  throttle  valve  to  an  extent  which  should 
bring  back  the  speed  to  40  revolutions.  If  the  engine,  however,  returned  to  this  speed,  the 
balls  would  descend  to  their  former  position,  and  reopen  the  throttle  valve  to  its  former 
extent  Bat  as  this  would  cause  the  velocity  to  increase  again,  it  is  obvious  that  the  ball» 
would  not  descend  to  their  former  portion,  but  to  some  point  between  that  and  the 
position  which  the  increased  velocity  caused  them  to  assume.  In  other  words,  the  engine 
could  not,  under  the  circumstances,  continue  at  a  uniform  speed.  He  could  not  see  the 
benefit  of  adjusting  the  governor  whilst  in  motion.  If  it  required  adjustment  when  a 
uniform  speed  was  wanted,  a  man  might  just  as  well  stand  at  the  throttle  valve,  and 
regulate  the  speed  by  means  of  it  without  a  mechanical  governor  at  aU. 

Mr.  SxiRLUfO  remarked,  that  in  most  cases  the  governor  would  be  adjusted  to  the  re- 
quired velodty  once  for  all,  and  that  the  power  of  actuating  it  when  in  motion  would  be  of 
little  use ;  neither  did  he  think  this  was  new.  He  had  not  received  an  answer  to  his  former 
question;  wherein  was  greater  sensitiveness  due  to  liigher  velocity?     If  the  vanes  moved 


88  On  a  Speed  Governor, 

82  timM  faster,'  aod  were  82  times  lif^ter  than  the  bells  of  a  oommoii  goyernor,  the 
momentqin  would  in  each  case  be  the  same,  and  a  given  change  of  velocttj  would  in 
each  case  take  the  same  time  to  pn>daoe  a  given  effect. 

Mr.  Elder  said,  that  if  the  vanes  acted  in  water,  the  diflfennce  between  their  action  and 
that  of  the  common  ball  governor  woold  be  more  perceptible.  In  the  new  governor  the 
effectwaspHNinoedby  the  action  of  the  vanes  on  the  atmoephere,  and  not  by  the  mere  Inertia 
of  their  mass,  as  in  the  common  governor.  He  thought  the  new  governor  would  be  more 
sensitive. 

Mr.  Tait  said,  that  when  recently  in  the  United  States,  he  had  seen  what  he  oooaidefed 
to  be  the  simplest,  neatest,  and  most  efficient  of  governors.  It  was  the  invention  of  a  Mr. 
J.  P.  Morris,  and  was  very  similar  in  principle  to  the  ordinary  ball  governor.  A  great 
peculiarity  about  it,  was  its  smaUness.  Its  entire  weight  was  14  lb.  The  ball  anna  went 
only  9  inches  long,  the  balls  bdng  2}  to  8  inches  in  diameter.  It  was  applied  to  an  equi- 
librium throttle  valve ;  and  the  steam  c}'linder  was  4  feet  long,  and  16  inches  in  diameter. 
With  an  average  rate  of  80  to  40  strokes  per  minute,  an  alteration  of  2  to  8  strokes  was 
checked  on  the  instant  The  Americans  generally  made  the  steam  pipes  of  thdr  engmes 
much  smaller  than  we.  He  thought  we  ened  much  in  the  form  of  our  throttle  valves,  and 
that  instead  of  the  common  form  with  a  heavy  spindle  working  in  stuffing  boxes,  it  ought 
to  be  light,  and  as  easily  moved  as  possible.  He  would  lay  a  drawing  of  Mr.  Morris* 
governor  before  the  Institution  at  a  fiiture  meeting. 

After  a  few  further  remariES,  a  vote  of  thanks  was  passed  to  Mr.  Smith  for  his  pH^  *nd 
for  his  exhibition  and  explanation  of  tlie  woiUng  model. 


The  following  paper  was  then  read : — 


On  a  System  of  Decimal  Measures. 
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On  a  System  of  Decimal  Measures  of  Length,  Surface,  Bulk,  and  Weight, 
hamng  the  Sixteenth-of-an-Inch  as  its  unit  and  basis.  By  Mr.  J.  Simon 
Holland. 

[COITDENSED   REPORT.] 

This  paper  comprehended  a  condensed  resum^  of  the  various  papers 
previously  published  by  Mr.  Holland  on  the  subject  of  Decimal  Measures, 
advocating  the  Srxteenth-of-an-Inch,  or,  as  he  proposes  to  term  it,  the 
Steen,  as  a  unit  and  basis,  together  with  some  extensions  of  his  system, 
to  meet  measurements  of  mechanical  force  and  power.  It  was  argued,  that 
if  the  pound  were  made  the  basis  of  a  decimal  system  of  weights,  the 
gallon  of  bulk,  the  acre  of  surfaces,  and  the  inch  or  foot  of  lengths,  we 
should  abandon  above  twenty  old  measures,  and  then  have  a  very  imperfect 
system ;  whereas,  by  removing  only  three  more,  we  could  make  the  system 
perfect,  or  nearly  so :  that  if  a  single  unit  were  to  be  adopted  as  the  basis 
of  measurements  of  every  kind,  mechanical  engineers  must  allow  that  the 
stecn  was  immeasurably  superior  to  any  other,  as  there  were  millions  upon 
millions  of  bolts,  nuts,  rivets,  rods,  bars,  chains,  and  other  articles  measured 
by  multiples  of  the  sixteenth-of-an-inch.  Allusion  was  made  to  the 
several  proposals  to  make  the  inch,  foot,  or  m^tre  the  unit  of  a  new 
decimal  system,  and  attention  was  called  to  the  subjoined  table,  which 
will  afford  a  means  of  comparing  the  effect  of  their  adoption  in  the  case 
of  measurements  below  two  inches  : — 

Comparative  Table,  showing  dimennotu  hdow  two  inchu  inpretent  meaturet,  in  decimals  of  an 
inch,  in  decimals  of  afoot,  in  the  French  metrical  system,  and  in  "  Steens,^  or  sixteenths 
of  the  present  inch. 


Present 
Mewnres. 

Inch  Decimalised. 

Froneb  M^tre. 

Steena. 

InebM. 

TenthAofuiIiieh. 

MlUixn^tres. 

Bteens. 

A 

1-876 

1-6626 

4-76241 

8 

i 

2-6 

2*0888 

6-84989 

4 

A 

8126 

2-604167 

7-98786 

6 

i 

8-76 

8126 

9-62488 

6 

iV 

4-876 

8-64688 

11-11280 

7 

6- 

4-16667 

12-69977 

8 

i    L 

6-25 

6-20888 

16-87471 

10 

7-6 

6-26 

19-62488 

12 

\ 

8-76 

7-291667 

22-22460 

14 

1 

10 

8-888 

26-89964 

16 

1 
1 

11-25 

9-876 

28-67448 

18 

12-5 

10-4167 

81-74948 

20 

1 

18-76 

11-4688 

84-92487 

22 

1 

16. 

12-6 

8809981 

24 

1 

16-26 

18-6416 

44-27426 

26 

1 

17-6 

14-6888 

44-44920 

28 

4 

18-76 

16-626 

47-62414 

80 

2 

20. 

16-667 

60-79908 

82 
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It  was  argued  that  no  instrument  for  measuring  quantities  of  any  kind, 
was  BO  much  used  as  the  two-foot  pocket  role  of  the  mechanic,  and  it 
was  obviously  desirable  to  have  a  rule  as  long  as  could  be  conyenientlj 
carried  in  the  pocket,  but  not  too  long,  nor  should  its  folding  joint  break 
a  unit  of  length.     The  steen  suited  all  this  very  well. 

The  paper  went  on  to  show  how  nearly  a  variety  of  measures^  expressed 
in  multiples  of,  or  derived  from  the  ^(een,  would  coincide  with  measures 
in  actual  use  in  Britain,  and  in  various  foreign  countries ;  and,  in  conclu- 
sion, the  author  proposed  that  a  steam-engine  should  be  called  a  one-horse 
power  engine,  which  gave  out  1000  pedUba  of  work  per  second;  Ihe 
pedlib,  derived  from  the  steen,  resembling  our  present  foot-pound,  the 
ped  being  equal  to  6|  old  inches,  and  the  lib.  to  1*102,310,62  old  pounds. 

For  a  full  account  of  Mr.  Holland's  proposed  system,  readers  may  con- 
sult the  Mechanic's  Magazine,  Vol.  LXV.,  pp.  892,  415,  461,  564 ;  VoL 
LXVn,,  pp.  176,  444,  495. 


The  discussion  on  the  subject  of  decimal  measures  was  deferred  until 
after  the  following  paper  was  read : — 
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On  Decimal  Measures.    By  Mr.  Walter  Nbilson  (of  Hydepark  Foundry). 

[AB8TRACJT.] 

A  system  of  measures  ought  to  be  as  simple  as  possible,  easily  com- 
mitted to  memory,  and  easily  retained  there ; — like  the  mechanic's  rule 
in  his  pocket,  not  cumbersome,  but  convenient,  and  always  at  hand  when 
wanted. 

Memory  evinces  its  power  through  association ;  and  the  parts  of  the 
system  should  therefore,  when  contemplated  together,  be  so  connected  in 
the  mind  that  one  of  them  will  at  any  time  recall  the  others,  or  introduce 
a  train  of  thought  which  without  any  extra  mental  effort  brings  them  all 
forward  in  the  order  in  which  they  were  originally  associated. 

To  illustrate  the  application  of  this  important  principle  to  a  system  of 
measures — ^let  us  take  the  French  measures  of  length,  capacity,  and 
weight. — In  the  first  place,  it  is  necessary  to  fix  upon  some  standard,  some 
quantity  or  unit  by  which  the  measurement  is  to  be  made,  and  the 
standard  should  be  a  quantity  conveniently  between  the  maximum  and 
minimum  quantities,  to  which  the  measure  is  to  be  applied. 

The  standards  adopted  by  the  French  are : — 

For  length, a  mhtm. 

For  capacity, a  litre. 

For  weight, a  gramme. 

Here  we  have  only  three  standards,  a  single  one  for  each  of  the  three 
kinds  of  measures.  The  decimal  multiples  are  designated  by  the  unit, 
with  the  specific  terms  taken  from  the  Greek  for  10,  100,  1000,  &c.  pre- 
fixed, whilst  the  decimal  submultiples  are  designated  by  similar  specific 
prefixes,  taken  from  the  Latin. 

The  superior  simplicity  of  this  system  is  obvious  at  a  glance  when  we 
compare  it  with  our  own  system  of  measures,  if,  indeed,  we  can  apply  the 
word  "  system  "  to  a  congeries  of  the  most  dissimilar  terms  imaginable,  no 
one  of  which  gives  the  least  indication  of  the  kind  or  proportion  of  the 
term  next  it  in  the  scale. 

Inches^  feet,  yards,  fathoras,  poles,  Jvrlcmgs,  miles ;  these  are  the  words 
which  ought  to  be  so  associated  in  the  mind  as  to  simplify  the  exercise  of 
the  memory.  The  proportions  between  the  quantities  bearing  these  names 
are  expressed  by  the  numbers :  12 — 8 — 2 — 2J 1 — 40—8 1 — a  greater  jar- 
gon of  dissimilar  numbers  could  scarcely  be  conceived.  As  to  standards, 
one  is  reminded  of  the  showman's  answer,  "  Whichever  you  please,  my 
little  dears;''  the  mechanical  engineer  takes  the  foot,  the  civil  engineer  the 
yard,  and  the  mining  engineer  the  fathom. 

F 
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It  is  not  the  writer's  iutention  to  discuss  the  various  decimal  systems 
proposed,  but  he  would  call  attention  to  the  fact,  that  the  French  have 
been  using  a  decimal  system  for  many  years,  and  that  French  engineers 
can  think  and  calculate  in  metres  and  millem^tres  much  more  easily  than 
we  can  in  feet  and  inches ;  and,  although  he  is  not  altogether  prepared  t^ 
recommend  the  m^tre  system  as  the  best  that  can  possibly  be  got  for  our 
adoption,  he  still  thinks  that  much  could  be  advanced  in  favour  of  sucb  a 
step. 

Setting  aside  the  Americans  as  forming  part  of  ourselves,  the  French 
are  the  nation,  of  all  others,  whose  intercourse  we  most  court,  whilst  they 
are  amongst  the  most  advanced  in  science  and  art.  It  is  not  likely  that  if 
we  adopt  a  peculiar  decimal  system,  they  will  change  theirs  to  assimilate 
it  to  ours,  whilst  it  is  undoubtedly  desirable  that  our  and  their  systems 
should  be  alike. 

The  attention  of  the  Institution  has  already  been  drawn  to  the  decision 
recently  come  to  at  Manchester,  by  the  Institution  of  Mechanical 
Engineers — ^to  divide  the  inch  into  hundredths  and  thousandths.  This 
will  probably  suit  the  convenience  of  the  machine-makers  in  Manchester, 
but  it  will  be  of  little  advantage  to  marine  engineers,  shipbuilders,  and 
others,  towards  simplifying  their  calculations. 

The  Manchester  resolution  is  unniistakeably  a  tacit  admission  of  the 
propriety  of  adopting  decimal  divisions,  but  why  take  up  the  inch,  divide 
it — and  stop  there  ?  The  stop  can  be  but  temporary — go  on  we  must ; 
but  on  attempting  to  do  so,  we  find  ourselves  saddled  with  a  particular 
unit,  the  suitableness  of  which  is  far  from  being  general,  unless  we  patch 
up  the  new  system  in  nearly  as  confused  a  manner  as  the  old. 

Before  adopting  the  Manchester  resolution,  we  must  be  prepared  to 
adopt  the  inch  as  the  standard  or  unit  for  all  measures  of  length.  Are 
we  prepared  for  this  ?  Are  we  prepared  to  take  10  inches  as  the  next 
decimal  multiple  ?  If  we  are,  we  take  a  measure  equal  within  one-sixth 
of  an  inch  to  a  quarter  m^tre,  and  if  we  come  so  near  the  m^tre  system, 
why  not  adopt  it  at  once  ?  It  would  only  reduce  our  inch  by  less  than 
one-sixtieth. 

As  far  as  engineers  are  concerned,  there  appears  to  be  no  great  obstacle 
to  the  adoption  of  the  m^tre  system.  Many  think  the  12  in.  rule  the  most 
convenient  workman's  measuring  instrument  possible,  as  regards  size,  but 
speaking  as  an  engineer,  I  do  not  see  that  a  rule  measuring  half  a  m^tre, 
and  folded  in  two,  into  a  quarter  of  a  m^tre,  would  not  be  quite  as  con- 
venient. 

The  following  are  the  various  divisions  the  rule  would  have,  with  their 
equivalents  in  inches : — 
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Entire  role J  m^tre  or  50  cendinfttress  19*68  inchei. 

Folded  into i     "      "  26        •♦         =     9-84     " 

J  m6tre  divided  into  6  parts, 6        "         =     1-968" 

5o^ntimetre8     "       5     **      1         **         =       -894" 

This  last  measure  is  within  one-fiflieth  of  an  inch,  equal  to  f  inch,  a 
quantity  th&  mechanical  engineer  has  perhaps  more  to  do  with  than  any 
Other.  Finally,  dividing  the  centimetre  into  10  millimetres,  we  get  a 
measure  slightly  larger  than  ^  inch,  more  familiarly  known  by  the 
anomalous  appelation,  "  half  a  sixteenth."  This  would  be  a  convenient 
minimum  division,  as  low  as  sight  could  command.  Lower  divisions  must 
be  known  by  touch  and  measured  only  by  gauges. 

One  important  difficulty  would  present  itself  on  introducing  a  new  sys- 
tem, in  connection  with  the  various  valuable  publications  bearing  on  science 
and  art.  They  cannot  be  so  easily  changed,  and  are  a  class  of  works  the 
production  of  which  in  new  editions  would  be  most  costly.  It  is  to  be 
feared  that  nothing  but  time  would  reUeve  us  of  this  difficulty :  neverthe- 
less much  assistance  would  be  derived  from  comparative  tables  and  scales 
of  the  old  and  new  measures,  which  an  extensive  demand  would  soon  call 
into  existence. 


The  following  discussion  took  place  on  the  subject  of  the  two  preced- 
ing papers : — 

The  Presidknt  feared  the  greatest  difficulty  connected  with  the  introduction  of  a  decimal 
system  of  measares  would  arise  in  teaching  workmen  to  use  it.  There  were  many  present 
who  were  qualified  to  judge  whether  this  would  be  the  case  or  not,  and  he  hoped  they 
would  state  their  opinions. 

Mr.  J.  B.  Nafier  said,  he  had  contemplated  using  decimal  measures,  and  adopting  the 
foot  as  a  unit  or  standard ;  but  if  Bir.  Neilson  would  adopt  the  m^tre,  he  would  follow  his 
example. 

Mr.  Ramsay  thought  it  would  be  easy  to  supply  workmen  with  decimal  rules,  and  that 
they  would  soon  get  into  the  way  of  using  them. 

Mr.  Hall  said  he  had  resided  thirty  years  in  France,  and  would  state  his  experience  of 
the  French  system.  When  he  first  went  there,  he  had  to  get  rid  of  English  measures  and 
use  French  ones — those  existing  before  the  present  m6tre  system.  When  it  was  proposed 
to  introduce  this  system,  it  was  said  by  many  that  there  were  difficulties  that  would  never 
be  got  over.  There  were  three  different  kinds  of  the  foot  unit  to  be  done  away  with. 
However,  aU  difficulties  were  quite  overcome  in  from  eighteen  months  to  two  years,  and 
the  m^tre  system  was  found  a  very  great  improvement  There  was  bo  practical  difficulty 
experienced  in  its  introduction.  The  relation  which,  in  the  new  system,  existed  between 
the  different  kinds  of  measures,  and  the  manner  in  which  the  several  standards  were  deter- 
mined, had  many  advantages  and  conveniences.  Thus  the  weight  in  kilogrammes  of  any 
substance  gave  its  specific  gravity.  The  new  system  was  introduced  in  1882,  and  was 
DOW  universaL 

Mr.  W.  Taft  said  that  if  the  various  employers  gave  sets  of  decimal  rules  to  their  work- 
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men,  and  directed  them  to  work  with  them,  the  Utter  would  soon  be  able  to  nee  them  more 
easily  than  the  old  rales.     He  did  not  anticipate  any  difficalty  on  this  aoorei 

Mr.  MoRX  thought  that  before  deciding  on  a  new  system  of  measures  they  should 
ascertain  what  the  government  proposed  to  do  in  the  matter.  They  should  not  pledge 
themselves  to  any  system,  unless  it  was  to  be  a  national  one.  He  thought  the  French 
system  as  good  as  any  other.  He  suggested  that  the  coundi  diould  communicate  with 
government,  and  offer  to  assist  in  introducing  whatever  system  should  be  decided  upon. 

Mr.  J.  Fkrousou  remarked,  that  the  foot  divided  into  tenths  had  been  used  by  civil 
engineers  for  several  years. 

Mr.  W.  Nkilsom  remaiked  that,  as  r^arded  communicating  with  government,  we  could 
scarcely  step  before  the  Institution  of  Mechanical  Engineers,  who  had  fint  taken  up  thi* 
matter,  and  he  thought  we  should  communicate  with  them.  He  considered  the  Manchester 
resolution  as  decidedly  wrong.  He  thought  this  society  should  express  their  agreement  or 
disagreement  with  that  resolution.  They  should  either  raise  their  voice  against,  or  sup- 
port it. 

The  pRBsiDBMT  said,  that  at  the  Manchester  meeting,  it  was  the  inch  only  that  was 
discussed,  and  regarding  it  they  came  to  the  conclusion  that  it  was  best  to  subdivide  it  into 
thousandths.  The  question  whether  any  other  unit  was  better  than  the  inch,  was  not  at  all 
discussed.  If  the  Institution  of  Engineen  in  Scotland  intended  to  express  an  opinioo  on 
the  matter,  it  would  be  well  first  to  consider  other  measures  besides  measures  of  length, 
such  as  measures  of  weight  It  would  be  comparatively  easy  to  make  standard  measures 
of  length,  bearing  any  determinate  proportion  to  the  standard  yard  kept  in  the  Exchequer 
Office  at  Westminster ;  but  it  would  be  very  different  with  weights  bearing  complex  ratios  to 
each  other.  The  present  government  standard  of  weight  was  a  piece  of  platinum  weighing 
1  lb.  It  was  a  delicate  matter  to  make  weights  equal  to  multiples  of  this  standard,  but 
even  this  was  easy  compared  to  the  making  of  a  weight  bearing  the  ratio  to  the  standard 
that  a  kilogramme  would  have. 

Mr.  W.  Johnstone  said,  a  general  system  could  not  be  adopted  without  the  intenroition 
of  government.  Land  was  at  present  conveyed  by  the  imperial  acre,  and  the  laws  respecting 
such  conveyance,  as  well  as  all  the  laws  in  which  measures  of  any  kind  were  adopted,  would 
require  to  be  modified.  He  thought  we  were  not  yet  in  a  position  to  communicate  with 
government,  and  that  the  matter  had  not  been  sufficiently  discussed. 

The  thanks  of  the  meeting  were  passed  to  Mr.  Holland  and  to  Mr.  Kdlson,  and  the 
discussion  of  the  subject  was  adyoumed. 
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The  Foubth  Mseting  of  tbe  Session  was  Held  in  the  Philosophical 
Society's  Hall,  on  Wednesday,  20th  January,  1858,  the  President  in  the 
chair. 


The  following  paper  was  read : — 

On  a  Screwing  Machine, — By  Mb.  S.  MK3obmick. 

Some  years  since,  the  writer  being  extensively  engaged  in  manufactur- 
ing screw  bolts  and  wood  screws  for  railway  fastenings,  was  much  troubled 
with  continual  stoppages,  arising  from  breakage  and  rapid  wearing  out  of 
the  screwing  apparatus.  The  constant  annoyance  and  expense  attending 
the  old  system,  led  him  to  search  for  some  other  mode  of  screwing ;  and  it 
occurred  to  him,  that  if  bolts  could  be  screwed  whilst  the  material  was  red- 
hot,  a  great  saving  would  be  effected,  and  the  annoyance  removed.  The 
idea  of  rolling  with  three  rollers  suggested  itself  and  a  small  machine  was 
immediately  made,  with  which,  after  a  great  many  trials  and  ^ilures,  he 
succeeded  in  maldng  screws  of  both  fine  and  coarse  threads  with  consider- 
able facility.  At  this  stage  the  matter  was  laid  aside  for  a  considerable 
time ;  but  in  1853,  a  favourable  opportunity  offering,  further  experiments 
with  improved  machines  were  made,  and  the  plan  was  fully  tested  and 
proved  to  be  really  practicable. 

The  machine  before  the  meeting  is  one  of  the  latest,  and  certainly  one 
of  the  best  made  according  to  the  writer's  system,  and  he  thinks  that  as 
ftr  as  it  goes,  it  admits  of  little  if  any  improvement.  Several  additions 
have  suggested  themselves,  but  these  have  for  their  object  merely  to 
facilitate  the  insertion  of  the  blanks,  and  to  determine  the  length  to  be 
screwed ;  they  are  all  of  an  automatic  character,  and  would  make  the 
machine  almost  entirely  self-acting.  The  operator  would  oidy  have  to  lay 
the  hot  blank  in  a  receptacle  provided  for  it,  and  to  move  a  small  engaging 
lever.  These  additional  contrivances  can  be  applied  to  this  or  any  other 
of  these  machines. 

The  distinguishing  feature  of  this  machine  is,  that  it  forms  the  screw 
threads  whilst  the  material  is  red-hot,  by  simple  rolling.  In  the  ordinary 
screwing  machines  the  threads  are  cut  out  of  the  material ;  in  this  they 
are  formed  by  simple  pressxCre,  and  there  is  consequently  no  waste.  It 
will  be  readily  understood  that  the  operation  must  be  performed  witlt 
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great  rapidity,  otherwise  the  cooling  of  the  material  would  render  it  im- 
possible. The  rolling  matrices  or  dies  move  at  the  rate  of  about  180 
revolutions  per  minute,  and  being  at  least  three  times  the  diameter  of  the 
screw  or  bolt,  the  latter  will  make  540  revolutions  in  the  same  time. 
Suppose  a  wood  screw  to  have  15  turns  in  2^  inches,  it  will  require  30 
turns  to  screw  it  and  will  take  Tvth  of  a  minute,  so  that  such  screws  would 
be  screwed  at  the  rate  of  18  per  minute.  In  practice,  however,  not  more 
than  one  half  of  this  number  can  be  completed  in  the  time,  as  it  requires 
more  time  to  put  the  bolt  into  the  machine  than  to  screw  it.  From  2,000 
to  6,000  per  day  may  be  stated  as  the  performance  of  one  machine,  but 
the  number  altogether  depends  on  the  size  and  length  of  the  screws. 
Besides  rolling  screws,  the  machine  is  well  adapted  for  rolling  iron  or 
other  metal  into  ornamental  or  useful  shapes.  The  writer  is  informed 
that  there  are  some  small  machines  so  employed  in  the  vicinity  of  Bir- 
mingham. A  few  rough  experiments  were  made  to  try  the  comparative 
strength  of  bolts  made  on  this  principle,  and  common  bolts.  A  hole  of 
the  length  to  suit  the  bolts  to  be  tried,  was  drilled  through  a  piece  of  metal. 
The  bolt  was  put  into  the  hole  and  screwed  up  until  it  gave  way,  and 
either  broke  or  had  the  thread  stripped  off.  All  the  hot-screwed  bolts 
were  broken,  the  others  stripped.  These  bolts  were  of  the  same  kind  and 
size,  made  from  the  same  bars  and  by  the  same  workmen. 

The  working  part  of  the  machine  substantially  consists  of  three  spindles 
mounted  in  brasses  of  a  peculiar  form,  which  will  be  imderstood  by 
examining  the  drawings.  One  end  of  each  of  the  spindles  is  formed  into 
a  toothed  pinion  cut  out  of  the  solid.  The  other  end  is  prepared  to  receive 
a  matrix  or  die,  and  each  .has  turned  on  it  a  spherical  bearing  near  the 
pinion  end.  The  spindles  are  shown  in  fig.  1,  plate  V;  and  in  section, 
and  numbered  1,  2,  3,  in  figs.  2  and  3.  The  brasses  in  which  these 
spindles  work  are  placed  in. the  front  pedestal,  b,  of  the  firame,  figs.  1 
and  2,  and  are  constructed  so  as  to  be  adjustable  to  all  the  angles  and 
distances  of  the  spindles  required  to  suit  the  different  sizes  and  pitches  of 
the  screws,  being  fixed  by  set  screws.  A  pedestal,  c,  figs.  1  and  3,  supports 
the  graduated  plate,  in  the  centre  of  which  is  fixed  the  brass  forming  the 
bearing  for  the  three  die  spindles.  This  plate  partially  revolves  in  the 
pedestal,  and  carries  round  with  it  the  three  spindles,  which  assume  a 
twisted  appearance  in  turning  with  each  other.  It  is  to  admit  of  tliis 
twisting  that  the  journals  of  these  spindles  are  made  spherical,  no  other 
form  being  suitable.  Each  pitch  and  diameter  of  bolt  requires  an  angle 
of  its  own,  which  is  found  by  applying  a  directing  screw  of  the  pitch  and 
diameter  required  to  the  under  side  of  the  upper  or  central  die,  and 
turning  round  the  graduated  plate  until  the  screw  is  parallel  to  the  central 
line  of  the  machine. 
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Motion  is  communicated  to  the  machine  by  two  puIleTS,  D,  £,  fig.  1, 
driven  bj  separate  belts  in  opposite  directions.  The  insides  of  the  rims 
of  both  these  pulleys  are  turned  conical,  corresponding  in  taper  to  the 
lim  of  the  internal  pulley,  F.  This  pulley,  F,  is  connected  to  a  hollow 
sbafV,  G,  fig.  1,  by  a  broad  cutter  which  passes  through  an  elongated  slot 
in  the  shafl,  and  also  through  the  spindle,  H.  This  spindle,  H,  is  fitted 
loosely  in  the  hole  in  the  shaft,  and  is  connected  by  a  peculiar  coupling 
to  the  end  of  a  bent  lever,  i ;  thus  connecting  the  pulley,  f,  by  means  of 
the  spindle,  H,  with  this  bent  lever,  the  end  of  which  extends  beyond  the 
front  of  the  machine  a  sufficient  distance  to  allow  the  operator  to  depress 
it  with  his  foot.  At  j,  fig.  2,  is  a  catch  jointed  on  the  front  of  the 
machine,  and  actuated  by  a  slight  spring,  and  having  two  notches  cut  in 
its  edge,  to  retain  the  bent  lever  in  position.  When  the  lever  is  placed  in 
the  upper  notch,  the  pulley,  F,  is  then  in  a  central  position,  and  the 
machine  is  at  rest.  When  the  lever  is  placed  in  the  lower  notch,  the 
pulley,  F,  will  be  in  contact  with  the  piilley,  e,  and  will  revolve  with  it ; 
and  when  the  lever  is  released  from  the  catch  altogether,  it  will  be  ele- 
vated by  the  spiral  spring,  and  the  pulley,  p,  will  then  be  brought  into 
contact  with  the  opposite  pulley,  d,  and  will  revolve  with  it  in  the  reverse 
direction.  A  toothed  pinion,  seen  in  section  at  k,  is  keyed  on  the  shaft, 
G,  and  drives  the  large  toothed  wheel,  which  is  keyed  on  a  shafl,  l.  On 
the  end  of  this  shaft,  l,  is  cast  a  hollow  case,  m,  figs.  1  and  4,  in  which 
is  keyed  an  internally  toothed  wheel,  gearing  into  and  driving  the  three 
die  spindles  simultaneously. 

In  making  a  screw,  the  operator  first  pushes  down  the  bent  lever,  i, 
into  the  lower  notch  of  the  catch,  and  the  machine  then  revolves  in  the 
direction  which  screws  the  bolt  inwards.  He  then  puts  a  bolt,  N,  fig.  1, 
into  the  central  opening  between  the  dies,  pulls  down  the  handle  with  his 
lefb  hand  to  a  regulated  stop,  which  depresses  the  upper  die  upon  the 
bolt,  whereupon  it  immediately  turns,  and  is  screwed  inwards  by  the 
simultaneous  revolution  of  the  three  dies  as  far  as  the  thread  is  required. 
The  operator  then  with  his  toe  touches  the  catch,  which  releases  the  bent 
lever,  and  the  spring  instantly  elevates  it,  whereby  the  pulley,  f,  is  pushed 
into  contact  with  the  opposite  pulley,  D,  and  the  motion  of  the  machine  is 
reversed,  so  that  the  bolt  is  screwed  out,  and  when  released  from  the 
guide,  drops  upon  a^shelf  or  other  receptacle.  During  the  operation  a 
stream  of  water  is  constantly  running  on  the  dies. 

The  furnace  in  which  the  bolts  are  heated  should  be  close  to  the 
machine,  so  that  as  little  time  as  possible  be  lost  in  handing  them  from  it 
to  the  machine.  The  heat  required  for  bolts  is  not  high — just  fairly  red ; 
that  for  wood  screws  is  higher — a  brighter  or  full  red. 

The  matrices,  or  dies,  for  coarse  threads  or  wood  screws,  are  best  made 
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of  cast-iron,  cast  in  a  chill  mould ;  those  for  fine  threads,  of  cast-steel  or 
malleable  iron,  case-hardened. 

The  machine  before  the  meeting  is  constructed  for  screws  of  from 
^  to  I  inch  in  diameter.  Machines  maj  be  made,  however,  to  screw  from 
\  inch  upward.  The  following  are  some  of  the  advantages  claimed  for 
this  mode  of  making  screws : — ^Additional  strength  acquired  hj  the  pecu- 
liarity of  the  operation ;  saving  of  waste  (in  wood  screws  this  amounts 
to  15  per  cent,  of  the  finished  weight),  the  whole  quantity  cut  awaj  in 
the  common  way  being  compressed  into  the  screw;  great  rapidity  and 
facility  of  production ;  saving  of  all  antifrictional  material,  such  as  oD ; 
non-requirement  of  high-priced  labour,  three  trained  boys  only  being 
needed. 


Mr.  A.  M^Onib,  vho  exhibited  one  of  Mr.  M^Connick's  macliines  at  the  meetiiig;  stated 
that  six  or  seven  of  them  had  been  made,  and  that  the  machine  shown  was  one  of  the  three 
last  constructed,  with  improved  arrangements  of  parts.  One  machine  had  been  sent  to 
Manchester,  and  another  to  Belgium.  Mr.  Whitworth,  who  had  seen  a  machine  at  work  in 
their  (Messn  M^O.'s)  establishment,  in  September,  1856,  expressed  himself  as  much  pleased 
with  its  ingenious  arrangement.  Mr.  M^Onie,  however,  considered  that  the  machine  was 
better  suited  for  making  wood  screws  than  for  screw  bolts.  He  also  thought  that  the 
machine  was  yet  susceptible  of  improvement,  by  having  some  kind  of  self-acting  gearing 
attached  to  reverse  the  screwing  action,  so  that  the  length  screwed  might  be  certain,  and  not 
dependent  on  the  attendant,  as  in  the  present  machine.  The  cost  of  the  machine  shown 
was  about  £80,  inclusive  of  the  dies,  or  screwing  rings, 

Mr.  M^Onie  exhibited  some  specimens  of  wood  screws  and  screw  bolts,  made  by  the 
machine,  and  some  of  the  dies  wed.  He  remarked  that  he  could  not  himself  say  much 
about  the  results  obtained  with  the  machine,  as  he  had  not  given  that  point  close  atten- 
tion, the  inventor  having  himself  superintended  the  construction  of  the  machine,  and  any 
experiments  that  were  made  with  it. 

The  Chairman  proposed  a  vote  of  thanks  to  Mr.  M'Cormick  for  his  paper,  and  to  Mr. 
M'Onie  for  exhibiting  the  machine  at  the  meeting,  remarking  that  it  would  be  exceedingly 
advantageous  if  such  an  example  were  followed,  since  actual  machines  would  be  much  better 
understood  than  drawings,  and  even  than  models.     The  vote  of  thanks  was  unanimonsly 


The  following  paper  was  then  read : 
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On  the  Navigation  of  CancUs  by  Screw  Steamers.     Bj  Neil  Robson,  C.E. 

It  is  not  the  object  of  this  paper  to  go  into  any  lengthened  history  of 
the  various  modes  of  haulage  which  have  been  tried  on  canals  in  general ; 
but  rather  to  collect  and  make  known  to  the  members  of  the  Institution 
some  facts  connected  with  recent  successful  attempts  to  introduce  screw- 
propulsion  on  the  Forth  and  Clyde  Canal,  with  which  the  author  is  best 
acquainted,  and  which,  as  is  well  known,  is  one  of  the  principal  arteries 
of  inland  navigation  in  Scotland.  And  by  so  doing,  to  direct  the  minds 
of  the  ingenious  mechanical  engineers  of  which  the  society  is  composed, 
to  the  great  importance  of  the  subject,  and  to  elicit  opinions  as  to  its 
farther  development,  with  a  view  to  improve  the  mechanical  details  and 
arrangements  of  the  power  employed. 

But  whilst  this  is  the  chief  object  of  the  author  in  bringing  the  subject 
before  the  Institution,  he  will  venture  to  digress  so  far  as  to  introduce 
a  few  preliminary  observations  on  inland  navigation  in  general,  and 
will  briefly  notice  a  few  of  the  English  Canals  on  which  this  new 
mode  of  haulage  has  been  tried  and  is  now  in  use.  The  several  expe- 
rimental attempts  which  have  been  made  to  introduce  other  modes  of 
haulage  on  the  Forth  and  Clyde  Canal,  will  then  be  given  somewhat  in 
detail,  and  the  paper  will  be  brought  to  a  close  by  a  description  of  the 
system  now  being  introduced  on  that  canal;  reference  being  made  to 
drawings  illustrative  of  the  boat  Thomas^  and  her  engine,  with  which 
the  first  really  successful  experiment  was  made  under  the  Canal  Company^s 
more  immediate  control,  with  the  advice  and  under  the  superintendence 
of  their  officers.  In  the  concluding  remarks,  the  author  will  contrast  the 
expense  of  horse  and  steam  haulage,  as  brought  out  by  the  results  so  far 
as  they  have  gone. 

It  cannot  be  denied  that,  since  the  introduction  of  railways,  canals, 
which  prior  to  that  event  formed  the  principal  mode  of  conveyance  for  a 
very  large  proportion  of  the  goods  and  mineral  traffic  of  the  country, 
have  been  thrown  into  the  shade ;  and  that  the  attention  of  practical  men 
has  been  more  devoted  to  the  development  of  railway  traffic,  not  only  as 
regards  the  mechanical  appliances  for  its  transit,  but  also  as  regards  the 
acquisition  and  carr3ring  of  large  quantities  of  merchandise  and  minerals, 
than  to  the  improvement  of  the  more  ancient  mode  of  conveyance. 

There  is  no  good  reason,  however,  why  this  should  be  so ;  for  although 
in  some  cases  canals  may  be  the  avowed  rivals  of  railways,  in  others  they 
are  or  might  be  made  the  means  of  feeding  their  traffic,  or  of  relieving 
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them  of  a  pordon  of  the  heavy  merchandise  and  mineral  traffic  which 
railways  cannot  always  carry  with  advantage  to  themselves.  It  does  not 
follow  that,  because  a  railway  may  be  carrying  a  large  amount  of  tonnage, 
in  is  doing  so  profitably ;  on  the  oontrary,  it  is  to  be  feared  that  in  many 
eases,  if  the  cost  were  fairly  set  against  revenue,  the  result  would  be 
found  quite  the  reveiee  y  the  rates  obtained  being  inadequate  to  meet  the 
greater  wear  and  tear  of  the  iron  road,  as  compared  with  the  water-way, 
and  the  many  sources  of  expense  to  which  railway  plant  is  subjected. 
Por  paasengen^  and  for  light  and  perishable  goods,  and  for  goods  requiring 
quick  despatch,  canals  never  can  nor  ought  to  com^te  wil^  ndlways ;  but 
for  bulky  and  heavy  goods  and  minends,  the  author  is  convinced'  diat 
they  can  and  will  maintain  their  ground,  provided  l^eir  manage  keep 
pace  with  the  improvements  and  requirements  of  the  day. 

In  Great  Britain  aotd  Ireland;  die  total  length  of  eanal  and  ibland  river 
navigation  is  about  4000  miles ;  and  it  is  estimated  that  there  haa  been 
expended  in  the  construction  and  improvement  thereof  at  least  £50,000,000 
sterling.  These  figures  of  themselves  sufficiently  demonstrate  the  impor- 
tance in  a  national  point  of  view  of  this  great  interest. 

For  the  most  part,  canals  carry  on  toll ;  that  is  to  say,  they  are  open  to 
any  trader,  however  small,  who  chooses  to  send  his  own  boat  with  hones 
to  tow  it,  on  payment  of  the  fixed  rate  of  toll,  and  in  this  respect  they 
are  similar  to  turnpike  roads.  In  a  few  instances,  canal  compames  acff 
as  carriers  on  their  own  account,  but  it  is  questionable  how  far  they  do* 
wisely  in  this.  It  consists  with  the  audior's  knowledge  that  the  Forth 
and  Clyde  Company,  who  ceased  altogether  to  be  carriers  about  five  years^ 
ago,  except  to  a  very  small  extent,  have  made  more  money  by  Mling^ 
back  on  their  simple  province  of  keeping  the  canal  in  repair,  and  acting 
as  recipients  of  tolL 

It  appears  that  the  first  attempt  to  propel  boats  by  the  screw  on  the 
English  canals  was  made  about  twenty  years  ago  between  London  and 
Manchester ;  but  firom  the  great  number  of  locks— there  being  about  one 
to  every  mile — and  firom  the  narrowness  and  want  of  depth  of  the  canals 
which  compose  that  route,  it  was  not  so  successful  as  to  lead  to  any 
practical  result  at  the  time.  Within  the  last  three  or  four  years, 
navigation  by  screw  boats  has  be^i  introduced  on  the  Air  and  Calder 
navigation,  on  the  Leeds  and  Liverpool  canal,  and  on  several  others  in 
that  country;  and  so  far  with  success.  The  best  practical  result,  as  regards^ 
speed  and  economy  of  working,  is  obtained  on  those  canals  of  which  the 
depth  16  not  less  than  six  feet ;  breadth  at  water  level  50  feet,  and  at 
bottom  about  85  feet;  but  as  the  majority  are  of  less  size,  it  is  to  be 
hoped  that  the  time  will  come  when  screw  propulsion  may  be  applied 
with  advantage  on  our  shallowest  and  narrowest  canals  ;•  and  to  that  end^ 
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<the  i>]iDging  of  the  subject  to  the  notice  .of  such  meetings  as  this  will  no 
^abt  tend. 

The  first  attempt  to  move  a  yessel  hj  steam  ob  the  Forth  aaad  Clyde 
Canal  was  made  about  l^e  beginning  of  the  pjreseot  cei^urj)  and  it  appears 
that  Mr.  Symington  was  .connected  with  the  fit1ing-up  of  the  boat.  This 
boat  WAS  propelled  by  two  paddle-wheels,  close  together  at  the  stem,  with 
•the  dnying  «^anks  between  Aem.  It  ran  for  some  little  time ;  but  its 
ohief  meiit  was  .considered  to  lie  in  its  being  an  ice-breaker,  for  which  it 
answered  admirably.  Although  the  records  of  the  canal  do  not  mentioia 
the  &ct,  there  can  be  little  doubt  that  this  was  the  Charlotte  Dundas^  <con- 
atnveted  by  Symington  in  1802,  and  with  which  he  made  one  of  his  first 
assays  in  steam  narigation. 

In  1828,  the  Cydope^  a  boat  for  .carrying  passengers,  was  fitted  up  as  a 
steamer  with  piiddle  wjbeeb  at  the  stem.  She  was  64  feet  long,  16  feet 
broad,  and  six  feet  deep ;  carried  about  40  tons  of  goods,  and  went  about 
j3^  miles  per  hoxur  on  the  canal,  and  about  six  miles  on  the  Firth  of  Forth. 

In  1831  the  Mandiester  steamer  was  built,  propelled  likewise  by  one 
wheel  at  the  stem.  She  .earned  from  50  to  60  tons  of  goods,  and  steamed 
about  4^  miles  on  the  canal,  and  seyen  miles  on  the  firtL 

The  Lord  Dundaa  was  also  built  in  18dl  as  a  passenger  boat.  She  had 
two  paddl^wheel^  one  on  ea^h  side  of  the  stern,  and  steamed  about  7^ 
miles  an  hour  on  the  <*-^Tii^1- 

All  these  boats  ceased  to  be  used  on  account  of  the  jcost  of  woildng  being 
greater  than  horse  haulage,  and  from  constant  failures  in  the  machinery. 

It  was  proposed  at  one  time,  and  actually  tried,  to  haul  vessels  on  the 
eaoBl  by  laying  a  chain  along  the  bottonx,  to  be  acted  upon  by  a  pulley  in 
the  boat,  the  pulley  being  worked  either  by  hand  or  steam  power. 

Anoth^  experiment  was  the  laying  down  a  line  of  railway  on  the 
towing  path,  o^  whish  a  locomotive  engine  ran  and  hauled  boats  behind 
her ;  a  previous  trial  for  hauling  them  by  a  locomotive  for  common  roads 
irunning  on  the  towing  puth  having  signally  failed,  as  might  reasonably 
have  been  expected. 

In  1844,  a  Mr.  Kibble  patented  a  peddle  wheel  composed  of  a  number 
of  fioat-boards  &stened  on  an  endless  chain,  working  round  two  drums. 
It  was  thought  that  this  mode  of  propulsion  was  well  adapted  for  canals, 
And  a  boat  fitted  with  a  paddle  of  this  description  on  each  side  was  tried,p 
but  given  up  on  aocount  of  the  expense. 

The  late  Mr.  Smith  of  Deanston  had  a  plan  which  he  intended  for  the 
small  canals  in  the  West  India  Islands,  of  having  a  wheel  passing  through 
and  projecting  below  the  bottom  of  the  boat,  so  as  to  run  on  the  bottom 
of  the  canal,  and  thus  haul  the  boat.  This  plan  was  tried  on  a  reach  of 
this  canal  about  ten  years  ago,  but  did  not  answer. 
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In  addition  to  these,  the  author  understands  that  several  attempts  were 
made  to  introduce  steam  on  the  Union  and  Monkland  Canals,  which 
communicate  with  the  Forth  and  Clyde  Canal,  but  are  of  less  depth  and 
width.  In  1846,  a  steamer  with  double  screws  was  tried  on  the  Union. 
In  1845,  a  steam  tug  built  by  Mr.  Wm.  Napier,  junior,  was  tried  on  the 
Monkland  Canal. 

From  some  cause  or  other,  it  appears  that  all  these  attempts,  not  only 
on  the  Forth  and  Clyde,  but  on  other  canals  running  into  it,  were  more 
or  less  &ilures ;  and  that  it  is  only  within  the  last  two  years  that  anything 
like  a  systematic  carrying  out  of  steam  propulsion  has  been  accomplished. 
The  available  depth  of  water  on  this  canal  is  about  eight  feet  six  inches  ; 
average  width  at  water  surface,  60  feet ;  and  at  bottom,  30  to  40  feet. 
Its  length  is  89  miles,  and  there  are  forty  locks,  the  dimensions  of  which 
are : — ^Length,  70  feet ;  width,  20  feet ;  and  least  depth  on  sill,  9  feet  4 
inches.  The  Monkland  Canal  now  amalgamated  with  it  is  12  miles  long, 
but  its  available  depth  is  only  about  half  that  of  the  Forth  and  Clyde  ; 
width  at  water  surface,  40  to  50  feet;  and  at  bottom,  25  to  SO  feet; 
length  of  lock,  70  feet ;  width,  18  feet  6  inches.  The  total  merchandise 
and  minerals  conveyed  on  the  Main  Canal  and  its  Monkland  branch,  is 
upwards  of  two  millions  of  tons  per  annum. 

At  present  there  are  five  screw-steamers  belongmg  to  different  traders, 
daily  at  work  on  the  main  line,  and  one  belonging  to  the  Canal  Company, 
who  are  also  fitting  up  another  with  screw-machinery  to  serve  as  an  ice- 
breaker, and  have  drawings  in  progress  for  engines  to  be  fitted  to  a  canal 
and  sea-going  steamer. 

The  lighter  Thomae,  to  which  this  paper  more  particularly  refers,  was 
not  originally  built  for  being  fitted  with  the  screw,  nor  is  she  of  a  daas 
adapted  for  going  out  into  the  firth,  but  nevertheless  she  may  be  taken 
as  a  fidr  sample  of  a  large  class  of  lighters  in  use  on  the  canaL  She  is  66 
feet  long;  16i  feet  broad;  draws  about  6)  feet  of  water;  and  carries 
from  70  to  80  tons  of  cargo.  The  screw  lighters  belonging  to  the  traders 
are  larger,  and  are  fitted  to  navigate  the  firths  of  Clyde  and  Forth,  as 
well  as  the  canal,  and  carry  from  100  to  120  tons  of  cargo. 

The  engine  and  boiler  of  the  Thomas,  as  will  be  seen  from  the  drawings, 
Plates  I.  and  11.,  are  placed  in  the  stem  behind  the  bidkhead,  which 
partitions  off  the  stem  portion  to  the  same  extent  as  the  stem  portion  of 
the  other  lighters  of  the  class  which  are  used  for  horse  haulage ;  and  this 
space,  small  though  it  is,  is  found  amply  sufiicient  for  the  boiler,  engine, 
and  coal  bunker,  with  room  for  attending  the  engine  and  stoking  the 
boiler.  Fig.  1,  Plate  I.,  is  a  longitudinal  vertical  section  of  the  after 
part  of  the  Thctnas;  fig.  2,  Plate  I.,  is  a  transverse  vertical  section 
taken  immediately  behind  the  boiler;  and  figs.  1  and  2,  Plate  II.,  are 
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vertical  and  horizontal  sections  of  the  boiler,  the  latter  being  taken  at  the 
fire-box  tube  plate.  The  weight  of  the  engine,  boiler,  and  propeller, 
inclnding  13  cwt.  of  water,  does  not  exceed  three  tons.  The  dimensions 
of  the  boiler  and  engine  are  as  follows,  viz. : — 

Inside  diameter  of  body  of  boiler,  3  feet;  and  swelled  to  3  feet 
5  inches,  at  surface  water  line.  Height  of  boiler,  from  fire-bars  to 
crown,  7  feet  3  inches.  The  boiler  is  furnished  with  54  brass  tubes 
of  the  average  length  of  3  feet  5  inches ;  and  tapered  from  2^  inches 
diameter  inside  at  the  fire-box  tube  plate,  to  1}  inches  inside  diameter 
at  the  uptake  tube  plate ;  which  gives  the  heating  surface  in  fire-box  and 
tubes  as  follows,  viz. : — 

Sqiurefeet. 

Fire-box,  2'  6"  X  1'  6", 11-78 

Tube  plate, 2-54 

Total  fire-box  MiT&ce» 14*82 

64  tabes  8  Heet  6  inches  long,  and  2  inches  average  diameter,  96*60 

Total  heating  surface, 110*92 

Pt    Id. 

Diameter  of  cylinders, 6^ 

Stroke  of  piston, 10 

Talves  worked  by  link  motion,  extreme  throw, 8 

Diameter  of  screw  propeller, 8    6 

Pitch  of  screw, 4    0 

The  engine  cylinders  are  bolted  together,  forming  the  steam  chest 
between  them,  in  the  usual  way.  The  cylinders  lie  on  the  bilge  of  the 
lighter,  and  their  connecting  rods  are  attached  directly  to  cranks  at  right 
angles  to  each  other  on  the  engine-shaft  which  is  coupled  to  the  propeller 
shaft.  The  screw  of  four  feet  pitch  at  130  revolutions  per  minute,  gives 
a  speed  of  five  miles  an  hour,  while  the  advance  of  the  screw  due  to  the 
speed  is  6*909  miles  per  hour,  showing  a  slip  of  the  screw  of -j^ths. 

It  is  found  that  35  lbs.  per  square  inch  of  pressure  in  the  cylinders  is 
sufiicient  for  propelling  the  lighter  with  a  full  cargo  of  firom  70  to  80  tons. 
In  breaking  through  the  ice  on  the  canal  in  December,  1856,  the  boiler 
was  worked  up  to  85  lbs.  pressure,  and  at  that  pressure  the  boiler  was 
more  than  capable  of  suppljring  the  cylinders  with  steam.  The  contracted 
area  of  the  water  surface  gave  rise  to  a  suspicion  that  the  boiler  might  be 
liable  to  prime,  and  after  some  experiments  with  a  glass  model  boDer,  it 
was  resolved  to  fit  in  a  current  plate,  round  the  inside  of  the  boiler  shell. 
Without  estimating  the  merits  of  the  current  plate,  it  may  be  stated  that 
the  boiler  is  quite  free  from  priming  with  the  steam  taken  firom  the  crown 
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with  a  1^  ii^ch  pipe.  The  taper  ^bes  "were  deemed  a  deeideratam,  with 
the  view  of  obtaining  an  ix^creased  influence  from  the  luce  throughout  the 
short  distance  it  has  to  pass  from  the  furnace  to  ^he  uptake,  and  also 
to  allow  the  upper  tube  plate  to  be  reduced  in  diameter,  thereby  increasing 
the  surface  of  the  wa^jr  in  the  boiler. 

On  a  late  trial  of  four  trips  from  Port-Dun^as  to  Bowluig  (a  distance  of 
12  miles)  and  .back,  mak^ig  a  distance  of  9.6  miles  run,  passing  through 
144  canal  Iqcks,  and  getting  up  steam  eight  times,  the  consumption  of  coal 
(good  Monkland  soft  coal)  was  one  ton  three  cwt,  which,  at  aTerage  length 
of  runs  on  the  Forth  ^d  Clyde  Canal,  mig^t  be  stated  to  be  equal  to  100 
miles  steaming  bj  one  ton  of  coals. 

As  the  engines  were  fitted  to  the  lighter  as  an  experiment,  it  was  deemed 
desirable  to  make  them  of  suffid^t  pow.er  to  tow  another  lighter  of  simi- 
lar size,  which  they  are  quite  able  to  do ;  but  the  traffic  the  Uglier  is  at 
present  employed  in,  does  not  afford  opportimities  for  using  the  surplus 
power  in  towing. 

The  boiler  has  been  proyed  to  be  so  capable  of  raising  steam^  that  the 
Canal  Company  have  contracted  for  two  s^nilar  boilers  with  iron  tubes, 
to  supply  steam  for  two  9i  iuph  cylinders  with  15  jnch  stroke  of  piaton. 
These  are  to  be  fitted  to  an  ice-breaker,  which  is  also  used  for  the  sendee 
of  the  canal  works. 

The  lighter  h^  been  joonstantly  at  work  for  the  last  15  months  between 
Port-Dundas  and  Bowling,  a  distance  of  12  miles,  carrying  general  mer- 
chandise in  .connection  with  the  Dumbartonshire  Railway,  and  without 
losing  a  single  trip  through  finj  a^ident,  injury,  or  repair  of  the  machin- 
ery. The  only  alteration  made  in  the  engine  was  the  substitution  of  castr 
iron  yalyes  for  brass  values,  and  the  only  mbhap  which  has  be&llen  any 
part  of  the  working  gear  was  the  breaking  of  on^  of  the  arpis  of  the  screw 
propeller.  She  can  easily  make  th^ee  trips  a  week,  and  usually  perform? 
the  voyage  each  way  in  four  hours,  when  not  detained  at  the  locks  by  the 
passing  trade ;  which,  including  the  detention  in  passing  through  the  18 
locks,  is  at  the  rate  of  three  miles  an  hour  3  but  when  fairly  dear  of  the 
locks,  her  average  speed  is  five  mUes  per  hour. 

There  is  very  little  additional  swdl,  or  washing  of  the  banks,  at  this 
speed,  and,  on  the  whole,  there  does  not  appear  to  be  any  appreciably 
greater  wear  and  tear  of  the  canal  than  that  arising  from  the  passage  of 
boats  drawn  by  horses ;  ^t  all  events,  no  more  than  would  be  compensated 
for  by  the  saviiig  in  upkeep  of  the  banks,  in  having  no  towing  path  to 
uphold,  were  horse  haulage  done  away  with. 

Altogether,  the  result  proves  that  by  means  of  the  screw  the  navigation 
of  canals  by  steam  is  perfectly  practicable.  But  it  is  still  doubtful  how 
&r  this  power  can  be  applied  to  propel,  with  advantage,  more  than  the 
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boat  in  whicb  the  engine  is  placed,  owing  to  the  difficulty  of  rteenng  boats 
towed  behind,  especially  in  narrow  canals ;  and  to  the  drcnmstanoe  that 
when  the  tug,  with  its  train  of  boats,  approached  a  lock,  each  would  have 
to  be  disconnected  and  taken  through  singly.  The  author  inclines  to  the 
belief  that,-  as  a  g^n^ral  rule,  an  engine  must  bb  put  in  each  boat.  That 
this  can  be  done  to  advantage  with  bo^ts  for  goods,  he  thinks  has  been 
proved ;  but  the  problem  has  stHl  to  be  solved,  whether  the  system  caxx  be 
profitably  applied  to  boats  carrying  minerals  alone,  on  such  canals  as  the 
Monkland,  of  which  the  available  depth  is  only  4^  feet,  and  the  width 
proportionably  smalL  These'  bottts,  or  '' scows ^'  as  they  are  termed,  carry 
on  an  average  55  tons ;  are  in  length  66  feet ;  width  IS  feet  4  inches ;  cost,* 
built  of  iron,  about  £250 ;  and  are  usuaHy  hauled  by  one  horse.  The 
speed  when  loaded  isr  about  trwo'  miles  an  hour  dear  of  the  locks,  and 
going  back  empty  it  is  a  little  more. 

It  is  obvious  that  if  every  such  coal  boat  must  have  aii' engine  for  itsdi^, 
three  things  will  be  required.  1.  The  machinery  must  ocdupy  little  room,- 
in  order  to  leave  space  for  tile  cargo.  2.  The  first  cost  must  be  small. 
8.  Its  working  must  be  economical,  both  as  regards  repairs'  and  consump- 
tion of  fueL  The  author  does  not  despair  of  seeing  all  these  acoomplished,- 
and  hopes  that  the  time  is  not  far  distant  wh^n  the  haulage,  even  of  coal' 
"scows/'  will  be  done  more  cheaply  than  by  horses. 

Meantime,  he  wishes  it  to  be  understood  that  the  followiiig  comparison' 
of  the  cost  of  the  two  systems,  applies  exclusively  to  the  rii^ts  obtained 
firom  the  experiment  with  the  ThomaSi  running  to  and  firom  Bowling  with 
goods,  and  being  somewhat  in  fitvour  of  steam,  may  be  accepted  as  a  good 
omen'  that  better  results  will  yet  be  obtained^  For,  although  this  portion 
of  the  canal  is  &vourably  adapted  for  steaming,  so  fiir  as  depth  aUd  width 
are  concerned,  yet,  owing  to  the  great  number  of  locks,  and  detention 
there,  it  is,  in  other  i^peots,  less  fiivourably  adapted  than  other  portions,* 
where  the  reaches  are  longer  and  the  locks  fewer. 

COXPABISOir  OF  GOSr  Olf  HOBSft  AND  STBAX  HAULAOS. 

Bone  HanOage  to  andjrim  Binding.     Goods  lAghter. 

Om  msstar,  per  veek, XI    1  0' 

One  mate,        do 18  0 

One  h<nne  and  one  inlm  tracking,  azid  making  two  trips  per  week,   .  18  0' 

tidpee  for  tracking,                               2  0' 

8    9    0' 
Add  interact  on  cost  of  li|rhter,  £460,  at  5  pef  cent,  and  for  re^rs 
and  depredation,  7}  per  cent  on  same  amonnC,  per  week,    ..11    7}* 

Total  per  week, £4  10    7} 

Thus,  at  two  trips  per  week,  £4  lOs.  74d.  -r  48  miles  gives  Is.  lOjd.,- 


56  Or*  As  Navigathn  of  Canals  by  Screw  Steamers, 

as  the  cost  per  mile  per  boat  load  of  75  tons,  or  S-lOths  of  a  penny  per 

ton  per  mile. 

7%e  tmme  vUk  Sieam, ' 

One  master,  per  week, £110 

One  mate,         do 18    0 

One  engine  driver,  do. 10    0 

Oil,  tallow,  and  gasket,  do 8    8 

16f  cwts.  coals  per  week, 6    6j- 

8    8     2^ 
Add  interest  on  cost  of  lighter,  £450 ;  engine,  £820 ;  together  £770, 
at  6  per  cent,  and  7)  per  cent  on  same  sam  tat  rspaiis  and  de- 
predation, amoonting  per  week  to 1  17    0} 

Total  per  week, £5    6    2) 

Thus,  at  three  trips  per  week,  £5  5s.  2^d.  -r-  72  miles  gives  Is.  5^., 
as  the  cost  per  mile  per  boat  load  of  75  tons,  or  28-lOOths  of  a  penny  per 
ton  per  mile. 

From  the  slow  rate  of  trackage  by  horses,  no  more  than  two  trips  per 
week  are  got,  while  with  steam  three  trips  are  easily  made ;  and  hence 
arises  a  very  considerable  part  of  the  above  saving  in  iavour  of  steam 
power. 

From  these  figures  it  appears  that  the  cost  by  steam  haulage  is  at  the 
rate  of  17'5  pence  per  boat  load  per  mile,  or  28-lOOths  of  a  penny  per 
ton  per  mile;  and  by  horse  haulage  22 '5  pence  per  boat  load  per  mile,  or 
3-lOths  of  a  penny  per  ton  per  mile;  including,  in  either  case,  an  allow- 
ance for  tear  and  wear,  and  repairs  and  interest  on  the  price  of  the  boat, 
and  the  same  on  the  machinery  in  the  case  of  steam.  These  rates  are 
calculated  on  the  supposition  that  the  full  load  of  75  tons  is  carried  both 
ways ;  but  as  that  will  not  always  be  so  in  pracdce,  the  cost  will  generally 
be  somewhat  higher,  whether  by  steam  or  horse  haulage.  And  when  the 
boat  is  only  loaded  in  one  direction  and  comes  back  empty,  the  cost  will, 
of  course,  be  still  higher. 


Mr.  BoBsoN  remarked,  that  the  paper  showed  how  the  navigation  of  canals,  by  steam, 
had  been  eflbeted  at  a  less  cost  than  hj  horse-hanlage,  in  one  particular  instance.  It  would 
be  observed  that  in  the  Thomas,  with  which  this  result  bad  been  obtained,  the  engine  and 
boiler  were  pat  into  a  rery  small  space  at  the  stem.  If,  however,  steam  power  was  to  be 
rendered  applicable  to  canals  of  very  small  depth,  like  the  Monkland,  the  engine  and 
boiler  would  have  to  be  squeezed  into  a  still  smaUer  space.  He  confidently  expected  this 
would  be  done,  and  it  was  one  of  the  objects  of  his  paper  to  bring  this  point  befme  the 
institution,  in  the  hope  of  eliciting  a  suitable  plan  ttom  some  of  the  ingenious  mechanical 
engineers  amongst  its  members.  If  tKe  system  was  to  be  applied  to  coal  scows,  it  was  neoeo- 
saiy  that  the  engine,  boiler,  and  propeller  shonld  not  cost  more  than  £160.  Ux.  Milne,  the 
superintendent  and  engineer  of  the  Forth  and  Clyde  Canal,  was  present,  and  would  be  glad 
to  answer  any  questkms. 
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lo  aaswer  to  an  inqaiiy  firom  Mr.  W.  Johkstonb,  Mr.  Miln£  stated,  that  at  the  low 
speed  of  fire  miles  p«r  hoar  of  the  Thomas,  no  appreciable  wave  was  raised  in  the  canal. 
If  that  speed  was  exceeded,  a  wave  would  rise ;  but  at  a  speed  of  five  miles  and  onder,  the 
canal  banks  were  onafiiKted.  That  speed  was  quite  sufficient  for  all  the  porposes  of  the 
traffic 

In  replr  to  Mr.  Dixox,  Mr.  Milne  said  that  the  Thomai  engine  was  sufficiently  power- 
ful to  cany  a  much  larger  cargo  than  the  present  boat  was  capable  of  taMng. 

Mr.  Tatt  expressed  his  surprise  that  so  small  a  boiler  as  that  in  the  Thomas  should  do  so 
much  duty.     Seventy  tons  was  a  large  load  for  the  boiler  to  propel  at  the  rate  mentioned. 

Mr.  MiiiSTE  thought  the  efficiency  of  the  boiler  arose,  in  some  measure,  from  the  use  of 
the  tapered  tubes.  He  had  had  considerable  difficulty  in  getting  such  tubes;  but  he  had 
recently  succeeded  in  obtuning  tapered  iron  tubes,  a  specimen  of  which  he  exhibited,  and  he 
intended  to  use  them  in  future.  The  heating  surface  in  the  Thomas*  boiler  was  1*8  feet  per 
superficial  incE  of  piston,  whilst  in  a  number  of  locomotives,  with  which  he  was  acquainted, 
it  was,  on  an  average,  2  8  feet 

The  Chairx AN,  referring  to  the  mention  in  the  paper  of  trains  of  boats,  asked  if  the  dif- 
ferent traders  could  be  got  to  bring  their  boats  punctually  at  the  times  appointed  for  starting 
the  trains? 

Mr.  MrLNE  thought  that  this  was  one  of  the  great  difficulties  connected  with  trains  of 
boats — the  several  traders  could  never  be  depended  on  to  have  their  boats  ready  at  the 
proper  times ;  but  the  greatest  difficulty  with  trains  would  be  at  the  locks.  The  boats 
would  have  to  be  detached,  and  passed  through  one  at  a  time,  and  when  boats  were  passing 
in  the  opposite  direction,  fiirther  delay  would  be  caused,  as,  if  the  going  boats  claimed  the 
lock  each  time  it  was  full,  the  returning  boats  would  claim  it  each  time  it  was  empty. 

The  Chairman  remarked  that,  in  the  comparison  given  in  the  paper  between  steam  and 
horse-haulage,  the  latter  had  been  put  down  at  i^.  per  ton  per  mile.  He  had  ascer- 
tained that  with  minerals,  the  cost  of  horse-haulage  was,  in  many  cases,  not  more  than  ^d. 
per  ton  per  mUe. 

Mr.  Milne  stated,  that  in  the  case  from  which  the  data  for  comparison  were  derived, 
there  were  only  two-thirds  of  the  mileage  that  was  generally  got  with  minerals.  There 
were  three  locks  every  two  miles  on  the  canal  between  Port-Dundas  and  Bowling ;  whilst 
on  the  mineral  canals  where  the  horse-haulage  was  so  low,  the  number  of  locks  was  much 
less ;  besides  the  coal  scows  met  with  much  less  detention,  when  loading  and  unloading, 
tiian  boats  carrying  a  general  goods  cargo. 

Mr.  RoBsoN  said  he  was  aware  of  instances  where  the  cost  of  horse-haulage  was  as  low 
as  |d.  per  ton  per  mile.  In  one  set  of  figures  he  had  seen  it  ^d.  per  ton  per  mile,  and  he 
had  thought  it  would  be  difficult  to  do  it  more  cheaply.  However  he  had  seen  reason  to 
alter  this  opinion.  In  horBe-haulage,  the  number  of  trips  was  limited,  whilst  with  steam, 
one-third  more  trips  could  be  got  with  a  boat 

Mr.  Milne  was  satisfied  that  with  steam  they  would  be  able  to  carry  at  two-thirds  of 
the  cost  of  horse-haulage,  under  any  circumstances.     Horses  could  not  last  beyond  a  certain  • 
time,  whOst  with  T^  per  cent,  set  aside  for  repairs,  the  duration  of  an  engine  might  be  said 
to  be  unlimited. 

The  Chairman  obeerved,  that  Mr.  Robson's  paper  was  a  most  important  one.  Canals 
were  the  best  means  of  conveyance  for  heavy  goods  of  small  value  for  their  weight,  at  low 
speeds,  on  account  of  the  small  propelling  power  required,  and  the  consequent  small  cost 
They  had  been  neglected  of  late  years,  but  undeservedly  so,  and  it  was  gratifying  to  see 
them  again  attracting  attention.  Steam  power  had  been  found  advantageous  in  every  other 
application,  and  he  thought  it  would  eventually  prove  so  in  this.  As  mentioned  in  the 
paper,  many  schemes  had  been  tried ;  amongst  others  was  that  of  warping,  by  means  of  a 

H 
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ohain  Ijiog  along  the  bottom  of  the  cenaL  He  believed  this  plan  had  been  need  with 
advantage  in  tannele  where  there  was  no  towing  path ;  bat  he  thought  it  mnat  be  ezpen- 
aive.  He  thon^t  it  a  pity  that  some  other  ingenious  projects  that  had  been  formed  had 
not  been  tried.  There  was  one  in  particolar,  inyented  by  Mr.  Charles  liddeU,  in  which 
fixed  engines  and  wire  ropes  were  to  be  used,  and  which  would  probably  give  very  good 
results,  if  the  traffic  were  soffidently  great  to  keep  the  q[>paiatns  oontinnally  at  work. 

In  conclusion,  the  CHAiBiCAn  remarked  that  the  case  of  the  T^iloiiuu,  detuled  in  the 
piqper,  was  one  of  the  first,  if  not  the  only  instance,  m  which  steam  power  had  been  applied 
with  praotical  economy. 

A  Toto  of  thanks  was  passed  to  Mr.  Robson  for  his  p^)er,  and  to  Mr.  Milne  for  the 
information  he  had  communicated. 


The  following  paper  was  then  read : — 
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On  a  Johu-Chcdr  for  RaUtoa^a. — By  Mb.  William  Johnstons. 

The  object  of  the  present  paper  is  to  bring  under  the  notice  of  the  Insti- 
tution a  joint-chair  recently  adopted  by  the  writer  in  constructing  the 
permanent  way  on  new  lines  of  railway,  and  also  on  old  lines  requiring 
to  be  laid  with  new  materiaL 

The  ordinary  plan  of  joining  the  rails  is  to  secure  the  two  ends  of  the 
bars  in  a  joint-chair,  by  means  of  a  wooden  key. 

The  new  chair  is  made  to  fit  the  section  of  the  rail,  leaving  it  only  as 
much  play  as  will  allow  it  to  slip  on,  and  it  consequently  requires  no 
key.  All  the  intermediate  chairs  are  made  so  as  to  receive  the  ordinary 
key  for  fastening  the  rail  in  its  place.  The  sleepers  on  which  the  chairs 
are  fastened,  are  placed  at  equal  distances  of  d  feet  8  inches  from  each 
other,  excepting  those  next  the  joint,  which  are  each  2  feet  6  inches  apart. 

The  advantages  gained  by  this  kind  of  chair  are : — 

1st.  Security  against  accident,  since  the  rails  cannot  get  displaced  at 
their  joinings,  as  in  the  old  plan,  where  the  safety  of  the  train  passing 
aiong  depended  on  the  key  at  the  joint  being  in  its  place. 

2nd.  Simplicity  of  application  to  either  new  or  old  roads. 

3rd.  The  reduction  in  expense  attending  both  its  first  application  and 
its  future  maintenance. 

Where  railways  are  constructed  upon  the  old  plan  of  having  the  joints 
secured  by  keys,  the  sur&cemen  of  the  railway  require  to  make  morning 
and  evening  examination  of  the  rails,  and  sometimes  oftener,  principally 
to  see  that  the  joint  keys  are  in  their  places.  Notwithstanding  this  ex- 
amination, the  writer  is  aware  of  accidents,  some  of  a  serious  nature, 
having  occurred  in  consequence  of  the  joint  keys  getting  displaced  ;  and 
it  was  to  obviate  this,  and  to  render  the  security  of  railway  travelling 
independent  of  the  faithfiilness  of  such  an  examination  by  ordinary  work- 
men, that  he  was  induced  to  adopt  this  plan  of  joint-chair. 

Previous  to  introducing  this  chair,  the  writer  is  not  aware  of  any 
permanent  way  having  been  constructed  on  the  plan  recommended.  It 
has  now  been  used  upon  upwards  of  forty-five  miles  of  railway,  and  it  has 
been  found  to  suit  the  purpose,  making  a  very  smooth  road.  So  far  as 
safety  is  concerned,  this  chair  appears  to  be  equally  as  good  as  any  kind 
of  fish-jointing,  whilst  its  first  application  and  future  maintenance  are 
entirely  fi-ee  from  complication. 

A  specimen  was  produced  at  the  meeting,  showing  the  manner  in  which 
the  rail  and  chairs  were  placed.  The  arrangement  is  shown  in  figs.  3  to 
6,  Plate  Vn.,  fig.  3  being  an  end  elevation,  of  the  common  intermediate 
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chair,  with  the  rail  in  section  wedged  in  its  place ;  fig.  4  an  end  elevation 
of  the  improved  joint-chair,  with  a  rail  end  in  its  place ;  whilst  figs.  5  and 
6  are  side  elevation  and  phin  of  the  ends  of  two  rails,  with  the  joint-chair 
and  the  adjoining  intermediate  chair  on  one  side. 


Mr.  Nbil  Robson  said,  he  could  bear  testimony  to  the  smoothness  of  road  where  the  new 
joint-chairs  had  recently  been  laid  down ;  bat  he  had  doubts  if  it  would  last  When  the 
joints  bogan  to  wear,  the  ends  of  the  rails  would  get  loose,  and  there  being  no  wedges  to 
tighten  them,  would  be  liable  to  shake.  As  a  proof  that  the  rails  did  wear  in  the  chair, 
he  might  mention  that  he  had  recently  seen  some  I  nuls  which  had  been  turned,  and 
of  which  quite  one-dghth  of  an  inch  had  been  worn  away.  The  loosening  consequent  ou 
the  wearing  of  the  rail  would,  when  once  begun,  be  always  getting  worse.  Notwithstand- 
ing this  drawback,  he  considered  the  joint-chair  very  ingenious  and  yer}'  safe.  He  wisheil 
to  know  how  long  it  had  been  in  use  ? 

Mr.  JoRNBTONE  Said,  that  wedges  were  used  in  the  adjoining  intermediate  chairs,  and 
would  prevent  or  very  much  reduce  the  shaking  anticipated  by  Mr.  Robeon.  Some  of  the 
joint-chairs  had  been  in  use  three  years,  and  not  the  sUgfatest  wear  was  perceptible  in  them. 
Mr.  Tait  thought  the  new  joint-chair  was  much  better  than  fish-jointing.  Fishing  always 
got  loose,  in  consequence  of  the  great  weight  which  was  brought  to  bear  on  the  bolts.  He 
thought  that  the  new  jomt-chair  would  eventually  wear  loose ;  but  the  nearness  of  the 
a^oining  wedged  chairs  would  render  the  leverage  very  small,  with  which  any  lateral  strain 
could  act  on  the  end  of  the  rail. 

Mr.  RoBSOif  remarked,  that  he  never  had  a  very  high  opinion  of  "  fishing,"  according 
to  the  mode  first  introduced.  Several  years  ago  he  had  occasion  to  be  on  a  part  of  one  of 
the  Scotch  lines,  where  they  had  just  commenced  that  system  of  securing  the  joints,  when 
he  had  noticed  both  nuts  and  bolts  lying  loose  at  the  sides  of  the  rails,  and  was  informed  by 
the  platelayers  that  this  occurred  constantly,  so  much  so  that  a  man  had  to  examine  and 
screw  them  up  almost  daily.  More  recently,  on  asking  a  former  advocate  for  it  his  opinion 
of  the  system  now,  his  answer  was,  that  *'  it  was  not  worth  the  money  it  cost  over  and 
above  the  ordinary  mode  of  laying."  He  ought,  however,  to  state  that  very  great  improve- 
ments had  been  made  on  the  system  since  it  was  first  introduced,  and  that  the  objections  to 
it  were  thereby  to  a  great  extent  removed,  and  he  would  not  like  ^is  remarks  to  be  con- 
sidered as  condemnatoiy  of  all  kinds  of  fish-jointing.  He  understood  that  some  of  the 
most  important  railway  companies  were  now  making  use  of  it,  and  that  in  particular  the 
London  and  North-Western  Company,  who  looked  after  these  matters  as  well  as  any 
railway  company  in  the  kingdom,  were  adopting  a  plan  of  fish-jointing  of  a  superior  kind. 
Mr.  JoHMSTONB  said,  that  any  kind  of  *•*  fishing^'  was  complicated,  and  it  was  difficult  to 
get  ordinary  workmen  to  do  it  properly.  He  had  always  found  that  where  ordinary  work- 
men were  employed  upon  a  thing,  it  was  necessaiy  that  werj  part  about  it  should  be  as 
simple  as  possible ;  otherwise  it  was  impossible  to  get  it  done  efficiently. 

Mr.  BoBSOiT  inquired  i^  in  repairing  the  road,  there  was  greater  difficulty  in  taking 
out  a  rail  and  putting  in  a  new  one,  than  with  the  ordinary  plan  ?  The  great  merit  of  the 
common  plan  consisted  in  the  facility  and  rapidity  with  which  the  chair  keys  could  be 
knocked  out,  and  a  new  rail  inserted  at  once.  He  thought  the  new  joint-chairs  would 
require  a  little  more  time. 

Mr.  Johnstone  stated  that  the  new  joint-chair  did  not  render  the  putting  in  of  a  new 
rail  any  more  difficult  than  in  the  common  plan.     It  was  simply  necessary  to  shift  the 
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sleeper  a  Uttle,  and  although  a  little  additional  time  might  be  required  for  the  operation,  it 
was  nothing  compared  with  the  advantages  attending  the  use  of  the  new  chair. 

The  Chairman  said  the  new  joint-chair  was  Terv  simple  and  ingenious.  The  invention 
was  one  of  those,  respecting  which  it  struck  one  as  strange  that  it  had  never  been  thought 
of  before.  It  had  been  in  use  during  three  jean  with  success,  and  was  certainly  a  consider- 
able improvement  in  ^*  permanent  way,*'  in  which,  as  evexy  one  would  allow,  much  improve- 
ment was  wanted. 

The  thanks  of  the  meeting  were  voted  to  Mr.  Johnstone  for  his  paper,  and  for  the  speci- 
men chair  exhibited. 


The  following  paper  was  then  read :- 


62  On  Pamimg  Fire-Arms. 

On  Painting  Ftre-Arma.     Br  Mr.  J.  G.  Lawbik. 

[abstract.] 

Eybbt  improyemeDt  in  the  power  of  a  fire-arm,  every  increase  in  the 
distance  to  which  shot  can  be  thrown,  demands  additional  accoracy  in 
pointing  the  piece. 

When  the  soldier's  musket  was  harmless  at  a  distance  beyond  250  yards, 
and  field-pieces  were  limited  in  effective  power  to  700  yards,  very  different 
means  sufiiced  for  taking  aim  than  are  desirable  with  a  power  of  impul- 
sion increased  fivefold.  Fire-arms  are  now  constructed,  as  regards  the 
distance  to  which,  and  the  accuracy  with  which  they  throw  projectiles,  with 
a  perfection  unknown  a  few  years  ago.  The  soldier's  former  musket,  called 
"  Brown  Bess,'*  was  incapable  of  throwing  a  shot  with  a  force  to  penetrate 
beyond  a  distance  of  200  to  300  yards,  and  even  at  that  or  a  much  less 
distance  was  altogether  uncertain  of  hitting.  The  same  imperfection 
existed  in  all  classes  of  ordnance. 

To  remove  this  uncertainty  of  hitting  in  the  use  of  small  arms,  or  in 
other  words,  to  make  a  musket  when  placed  in  a  fixed  position,  throw  a 
shot  twice  through  the  same  path,  rifled  barrels  are  successfully  employed, 
and  there  are  grounds  to  believe  that  by  means  of  Whitworth's  polygonal 
rifle  bore,  the  same  important  desideratum  will  shortly  be  accomplished 
with  ordnance.  Before  the  invention  of  the  Mini6  bullet,  rifled  barrels 
were  objected  to  in  consequence  of  the  difliculty  and  time  required  in 
loading  the  gun;  but  now  that  this  bullet  so  facilitates  the  loading  of 
a  rifle  as  to  requii-e  for  that  operation  no  more  time  than  is  necessary  to 
load  a  plain  barrel  with  a  plain  ball,  the  soldier's  musket  has  in  the  Minie 
rifle  reached  a  high  degree  of  perfection. 

What  is  the  history  of  this  unrivalled  weapon  ?  Its  history  is  the  same 
as  that  of  all  other  revolutionary  improvements.  The  work  of  twenty 
years,  the  labour  of  a  lifetime,  was  necessary  to  introduce  it.  In  1826, 
M.  Delvigne  first  invented  it,  and  having  made  experiments  with  the 
elongated  ball,  brought  it  before  the  French  authorities.  From  1826  till 
1887  no  ofiicial  would  listen  to  him,  and  he  had  to  contend  against  the 
ignorance  and  prejudice  of  all  the  civil  and  military  authorities  of  France, 
although  he  pointed  out  that  the  best  troops  of  France  under  the  most 
experienced  officers  had  been  beaten  by  the  rifles  of  the  peasantry  of  the 
Tyrol.  The  loss,  however,  of  officers  and  men  in  Algeria  was  so  great, 
^hat  in  1838  the  Duke  of  Orleans  before  going  to  Africa  organized  a  bat- 
talion of  the  TiraUeura  de  Vincennes  (then  called  Chasseurs  cTA/rigue)  to 
take  with  him.     In  1844  Captain  Mini^  invented  the  hollow  ball.     At 
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lengih  in  December,  1854,  daring  the  heat  of  the  Crimean  war,  through 
the  influence  of  public  opinion,  brought  to  bear  chiefly  by  the  Ttmes,  Mr. 
Sidney  Herbert,  the  Secretary-at-war  of  the  British  Goyemment,  in  the 
House  of  Commons  announced  the  intention  of  the  Grovemment  to  arm  the 
whole  of  the  troops  with  the  Mini^  rifle,  and  that  these  weapons  were  being 
issued  as  fast  as  they  could  be  supplied  from  the  manufacturers. 

Thus,  a  period  not  much  short  of  thirty  years  elapsed  before  the 
superiority  of  the  rifle  barrel,  with  its  peculiar  ammunition,  was  estab- 
lished. 

Perfection  in  ordnance,  similar  to  that  attained  with  small  arms,  is  now 
the  great  engineering  problem  of  the  day  in  gunnery.  The  malleable  iron 
gun  made  by  the  Mersey  Steel  and  Iron  Company,  which  possesses  great 
power  of  throwing  heavy  shot  to  distant  points,  has  hitherto  sustained  all 
the  proo&  to  which  it  has  been  subjected,  and  is  now  at  Shoeburyness 
ready  for  serrice.  The  d6-inch  malleable  iron  mortar  made  by  Mallet  in 
London,  and  called  Lord  Palmerston's  Mortar,  has  not  yet  proved  itself  quite 
sound,  having,  on  each  of  the  two  trials  made  with  it,  shown  symptoms 
of  defective  strength ;  but  it  is  believed  that  this  mortar  will  yet  be  made 
effective.  The  object  of  these  arms,  and  of  others  which  have  been  made, 
is  to  throw  heavy  metal  to  great  distances ;  and  that  object  is  probably  in 
a  £Eur  way  of  being  accomplished ;  but  no  attempts  to  construct  rifle  ord- 
nance so  as  to  throw  heavy  weights  with  accuracy  to  great  distances  have 
hitherto  been  equally  successfuL  Lancaster's  oval  bore  has  proved  a  total 
failure,  aod  other  efforts  having  been  equally  fruitless,  attention  is  now 
closely  directed  to  Mr.  Whitworth's  rifle  cannon  with  a  polygonal  bore. 
From  this  gun  very  favourable  results  are  anticipated. 

In  proportion,  however,  as  the  power  of  fire-arms  is  increased,  the  pro- 
blem of  how  to  use  them  presses  for  solution.  When  firing  at  distant 
objects,  or  indeed  at  objects  beyond  a  very  limited  distance,  the  piece  is 
elevated  to  an  angle  depending  in  amount  upon  the  remoteness  of  the 
object,  and  therefore  a  means  of  arriving  at  a  knowledge  of  the  distance  of 
the  object  to  be  fired  at  is  essential  to  an  effective  use  of  the  weapon. 

At  the  Government  School  of  Musketry  at  Hythe  in  the  South  of  England 
— a  school  established  for  the  purpose  of  instructing  the  troops  in  the  use 
of  the  Mini^  rifle,  now  called  the  Enfield  rifle — ^the  soldier  is  instructed 
how  to  handle  or  manipulate  his  rifle,  and  how  to  judge  of  the  distance  of 
the  object  to  be  fired  at.  The  first  of  these  instructions  is  manifestly  of 
small  importance,  and  of  easy  acquirement,  compared  with  the  second.  A 
soldier  of  ordinary  intelligence  should  speedily  become  familiar  with  the 
mode  of  handling  a  rifle,  but  it  would  appear  to  be  exc^dingly  diflicult  to 
convey,  even  to  a  soldier  of  unusual  intelligence,  the  power  of  judging 
with  much  accuracy  whether  an  enemy  be  at  the  distance  of  600,  800,  or 
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1000  yards,  and  upon  the  possession  of  that  power  of  judging  the  distance, 
depends  the  effective  use  of  the  weapon. 

The  solution  of  this  problem  in  the  manner  pointed  out  at  Hythe,  is 
rendered  materially  more  difficult  by  the  varying  circumstances  in  which 
a  soldier  is  placed  by  excitement,  by  change  of  ground,  change  of  atmos- 
phere, and  fatigue. 

When  an  object  is  distant  100  feet  or  100  yards  in  front  of  the  place 
from  which  an  estimate  is  made  of  the  distance  of  that  object,  the  difficulty 
of  making  that  estimate  with  any  accuracy,  has  probably  been  often  expe- 
rienced by  engineers ;  but  if  there  be  such  difficulty  with  so  short  a  distance 
as  100  yards,  how  much  greater  must  it  be  when  the  object  is  distant  }ths 
of  a  mile  I  According  to  Sir  Charles  Shaw,  the  accuracy  of  firing  by 
ordinary  troops  when  the  distances  are  known  is  remarkable,  but  those 
very  troops  when  required  to  fire  consecutive  shots  upon  an  enemy  ap- 
proaching at  a  trot  or  gallop,  would  probably  be  far  less  successful  when 
in  possession  of  no  other  means  of  knowing  their  distance,  than  their  own 
estimate  by  the  eye. 

The  Hythe  instructions  for  judging  distance  appear  exceedingly  crude, 
and  seem  but  little  suited  for  an  effective  use  of  the  new  and  powerful  fire- 
arms. Instead  of  the  uncertainty  which  appears  to  surround  the  plan  of 
the  instructions,  another  method  of  procedure,  consisting  chiefly  in  a 
change  in  the  sight,  seems  to  supply  not  only  the  information  aimed  at  by 
the  instructions,  but  also  to  remove  an  imperfection  in  the  construction 
of  the  rifle  as  at  present  made. 

The  rifle  at  present  in  the  hands  of  our  troops  is  represented  in  fig.  5, 
Plate  IV.  A  sight  is  placed  on  the  top  of  the  barrel,  at  a  b,  and  is  so 
constructed  that  the  soldier  can  alter  the  height  of  the  top  of  it,  by 
pushing  up  or  down  a  slide  working  upon  two  guides. 

In  using  the  rifle,  the  soldier  first,  in  conformity  with  the  Hythe  instruc- 
tions, estimates  the  distance  of  the  object,  then  adjusts  the  top  of  the  sight, 
A,  to  the  point  graduated  as  corresponding  with  that  distance,  and  putting 
the  rifle  to  his  shoulder,  elevates  the  point  until  his  eye,  the  top  of  the 
sight,  and  the  muzzle  are  in  line.  If  the  stock  of  the  musket  used  in 
this  manner  fits  the  arm  of  the  soldier  when  firing  to  one  distance,  it 
manifestly  cannot  fit  it  when  firing  to  any  other — an  objection  which  every 
marksman  knows  is  by  no  means  immaterial. 

Two  forms  of  sight  have  been  devised  by  the  writer — one  for  ordnance, 
and  one  for  small  arms;  or  rather  one  for  distances  under  1000  yards, 
and  one  for  greater  distances.  The  sights  are  very  simple,  and  depend 
upon  the  principle  that  the  more  dbtant  an  object  is,  the  smaller  it 
appears. 

For  long  distances,  the  sight  consists  of  a  small  telescope,  which  is  pro- 
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Tided  with  two  fine  steel  wires,  or,  as  is  customary  with  opticians,  two 
threads  of  spider's  web.  These  threads  are  placed  across  the  object-glass 
at  its  focal  distance,  and  can  be  separated  or  approximated  in  a  manner 
which  bj  a  micrometer  screw  affords  the  means  of  measuring  the  distances 
between  them  to  any  amount  of  minuteness.  Thus,  whether  the  object  be 
cavalry  or  infantry,  the  distance  is  known  by  a  scale  graduated  on  the 
telescope,  indicating  the  distance  asunder  of  the  threads. 

The  form  of  sight  for  field-pieces  and  rifles,  which  are  not  used  for  dis- 
tances so  great  as  ordnance,  and  therefore  do  not  require  so  much  power, 
is  intended  to  be  always  attached  to  the  weapon  itself.  In  fig.  6,  a  rifle  is 
shown  with  one  of  the  several  forms  of  this  sight. 

A  sight,  A,  shown  enlarged  in  fig.  7,  is  placed  on  the  barrel.  This  sight 
is  a  plate  having  apertures  cut  through  it,  which  apertures,  2,  3,  4,  &c., 
correspond  respectively  to  the  apparent  height  of  a  man  at  the  distance  of 
200,  300,  400,  &c.  yards ;  and  therefore  an  eye  at  e,  looking  through  the 
aperture  2,  at  a  soldier  200  yards  off,  will  just  see  him  firom  head  to  foot. 
In  the  same  way,  looking  through  the  aperture  3,  it  will  just  see  a  soldier 
300  yards  ofi*,  and  so  on  with  the  other  apertures.  But  in  firing  at  an 
enemy  200,  300,  or  400,  yards  off,  the  barrel  must,  in  each  case,  be  ele- 
vated to  certain  angles,  each  distance  having  an  angle  of  its  own,  depend- 
ing upon  the  power  of  the  rifle. 

In  constructing  the  sight,  the  several  apertures  are  cut  in  such  positions 
as  to  require  the  elevation  of  the  barrel  of  the  rifle  to  the  proper  angle,  in 
order  to  make  the  object  visible  through  the  corresponding  aperture.  If, 
in  looking  through  the  aperture  3,  for  example,  the  object  •be  seen  from 
head  to  foot,  the  barrel  is  at  that  moment  elevated  to  the  proper  angle ; 
and  in  the  same  way,  if  in  looking  through  any  other  aperture  the  object 
be  seen  firom  head  to  foot,  the  barrel  is  simultaneously  elevated  to  the 
proper  angle.  Thus,  in  using  the  rifle,  the  soldier  has  no  concern  with 
the  distance  of  the  object,  but  has  to  perform  only  the  one  operation  of 
looking  at  the  object  through  the  aperture  which  contains  it  fi:om  head  to 
foot — a  mechanical  process  unaflected  by  any  external  circumstances  of 
ground,  atmosphere,  or  change  of  dress. 

If  the  objects,  of  which  the  distance  is  measured,  whether  by  this  last 
sight,  or  by  the  telescope,  be  of  an  invariable  height,  and  if  sufficient  care 
be  taken  in  the  observations,  results  of  very  considerable  exactness  are 
obtained^ — ^results,  however,  not  comparable  to  trigonometrical  measure- 
ments, but  vastly  superior  to  any  estimate  the  most  practised  eye  could 
make. 

These  sights  appeared  to  the  author  so  simple  in  principle,  and  so  simple 
in  construction,  that  he  made  a  search  to  learn  whether  they  had  not  been 
previously  in   use.      The   resxdt  of  the  search  was  to   ascertain   firom 
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Coddington'fl  Optics,*  that  the  same  principle,  embodied  in  a  differ- 
ent mechanism  had  been  used  for  astronomical  purposes,  and  also  that 
an  instrument  called  the  Btadioy  which  consists  of  two  divergent  limbs, 
like  two  sides  of  a  triangle,  has  been  or  is  in  some  use  in  the  French 
service.  This  instrument  is  held  before  the  eje  at  a  distance  determined 
by  the  length  of  a  cord  grasped  in  the  teeth,  and  is  graduated  to  show 
ihe  distance  of  the  object,  which  corresponds  to  the  distance  from  the  apex 
of  the  parts  of  the  divergent  limbs,  which  just  span  the  object. 

It  is,  therefore,  not  new  to  measure  distances  by  telescopes,  nor  by 
instruments  like  the  stadia ;  but  the  author  believes  it  is  quite  new  to 
elevate  or  point  fire-arms  by  mechanism  in  which  a  telescope  or  other 
sight  is  used  in  such  a  way  that  the  single  act  of  gauging  the  object 
elevates  the  barrel  to  the  proper  angle.  For  long  distances  the  author 
uses  the  telescope  sight  in  this  manner,  and  for  shorter  distances  the  sight 
described  in  fig.  7,  or  another  form  depending  on  the  same  principles. 


Mr.  Lawrie  not  being  present  when  the  paper  was  read,  the  discussion 
of  it  was  postponed  until  the  next  meeting,  when  the  folio  wring  observa- 
tions were  made : — 

ICr.  Lawbib  explained  the  action  and  advantages  of  hia  rifle-sight  at  length.  With  the 
common  sight,  the  distance  had  first  to  be  estimated  or  guessed,  and  the  sight  to  be  after- 
wards adjusted  to  it.  His  sight  itself  afforded  a  very  simple  and  sufficiently  aocurate 
means  of  ascertaining  the  distance,  whilst  the  very  operation  of  finding  the  distance  adjusted 
the  piece  for  firiug  with  the  corresponding  elevation.  With  the  common  sight,  again,  the 
fixed  reference  point  was  at  the  muzzle  of  the  piece,  and  the  piece  was  accosted  by  raising 
or  lowering  the  breech,  and  the  consequence  was  that  the  piece  had  to  be  applied  to  different 
parts  of  the  shoulder  for  different  distances ;  and  if  it  fitted  the  shoulder  in  one  position,  it 
could  not  do  so  in  others.  With  the  new  sight  the  fixed  point  of  reference  was  over  the 
lock,  and  the  piece  was  a4justed.  by  raising  or  lowering  the  muzzle — the  position  of  the 
piece  against  the  shoulder  remaining  the  same,  or  very  nearly  so,  for  any  distance.  The 
improved  sight  had  been  tried  upon  a  rifie,  and  no  difficulty  was  found  in  using  it. 

In  reply  to  an  observation  respecting  the  difficulty  of  ac^usting  the  elevation  of  a  lifle, 
when  firing  at  troops  in  a  kneeling  or  lying  position,  Mr.  Lawrie  said  his  sight  could  do  no 
more  than  common  sights  under  such  circumstances.  In  reply  to  a  remark  that  the  sight 
was  in  an  awkward  position  at  the  muzzle  of  the  piece,  and  would  be  liable  to  injury,  he 
said  it  could  easily  be  made  strong  enough,  and  it  might  be  made  of  considerably  thicker 
metal  than  the  barrel,  without  inconvenience. 

Mr.  FcNTON  thought  that  sights  would  be  of  very  little  use  in  an  engagement,  after  the 
first  round,  as  the  view  would  be  much  obscured  by  smoke. 

^  EdiUon  1825,  page  129. 
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Mr.  Tatt  was  of  opinion  that  tliere  conld  be  no  question  as  to  the  relatire  merits  of  the 
old  «nd  new  sights.  Mr.  Lawrie^s  was  clearly  saperior.  If  the  apertures  were  correctly 
made,  and  in  their  proper  relative  positions  corresponding  to  different  distances,  the  use  of 
the  sight  mnst  give  the  exact  range  in  each  case — and  anything  better  than  this  conld 
scarcely  be  expected. 

In  reply  to  a  question  from  Mr.  Dowhib,  Mr.  Lawhie  stated  tliat  a  rifle,  with  his 
unproved  sight,  had  been  placed  in  the  hands  of  the  Woolwich  authorities  for  examination, 
and  was  still  there,  no  report  having  been  made. 

On  the  motion  d  the  CnAiBMAif ,  the  thanks  of  the  meeting  were  passed  to  Mr.  Lawrie 
for  his  paper. 


68  Oii  Employing  Steatn  Expwisivcfy. 


The  Fifth  Meeting  of  the  Session  was  held  in  the  Philosophical 
Society's  Hall,  on  Wednesday,  17th  February,  1858,  the  Prestoent  in  the 
chair. 


A  discussion  took  place  on  the  subject  of  Mr.  J.  G.  Lawrie's  paper  read 
on  the  20th  January.     This  discussion  is  given  at  page  ^%, 

The  following  paper  was  read : — 

On  employing  Sttam  expansively, — By  Mr.  ALEXAin>EB  Morton. 

The  economy  of  fuel  obtained  by  the  expansion  of  high-pressure  steam, 
has  been  the  subject  of  much  discussion  and  experiment  amongst  engi- 
neers ;  although  many  have  still  doubts  on  the  subject,  and  we  hear  of 
many  failures,  yet  there  are  successful  trials  which  sufficiently  prove  that 
economy  really  does  result  from  expansion,  if  the  proper  means  are  em- 
ployed. It  is  well  known  that,  in  most  cases,  success  has  been  owing  to  the 
steam  being  supplied  with  additional  heat,  whilst  expanding.  When  steam 
or  air  is  compressed,  a  certain  degree  of  heat  is  made  sensible,  which  dis- 
appears on  its  being  again  expanded.  Gay  Lussac  says,  if  air  be  com- 
pressed into  one-fifth  its  original  volume  it  will  ignite  tinder,  but  he  does 
not  state  at  what  speed  the  compression  takes  place.  Those  workmen  who 
daily  use  the  fire  syringe  can  produce  fire  when  the  air  is  far  less  com- 
pressed, and  if  the  speed  of  compression  could  be  sufficiently  increased, 
air  might  ignite  tinder  when  very  slightly  compressed.  It  would  be 
unreasonable  to  believe  that  the  amount  or  degree  of  heat  made  sensible 
by  compression  could  cause  re-expansion,  so  as  to  raise  the  weight  by 
which  it  was  compressed,  at  a  greater  velocity  than  that  of  compression, 
without  being  supplied  with  additional  heat  from  surrounding  bodies. 
It  is  a  universal  law,  that  force,  whether  in  the  form  of  heat  or  anything 
else,  cannot  be  gained  or  created ;  therefore  the  amount  of  heat  made  sen- 
sible by  compressing  air  or  any  elastic  fluid  cannot  expand  it  at  a  greater 
velocity  than  that  at  which  it  was  compressed,  without  abstracting  ad- 
ditional heat  from  surrounding  bodies.  The  amount  of  heat  required  to 
expand  sattu'ated  steam  depends  wholly  upon  the  speed  of  expansion ;  and 
on  examining  indicator  figures  taken  from  engines  working  expansively, 
it  will  be  found  that  the  speed  of  the  piston  distinctly  alters  the  curve. 
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If  a  given  yolume  of  air  in  contact  with  a  given  volume  of  water  of  an 
equal  temperature  is  very  slowly  expanded,  the  temperature  will  very 
slightly  diminish ;  but  when  it  is  expanded  at  a  great  velocity,  the  temper- 
ature will  be  greatly  reduced,  and  as  the  speed  of  expansion  is  increased, 
a  proportionally  greater  diminution  of  temperature  is  indicated  by  the 
thermometer  'immersed  in  the  water.  When  a  piece  of  copper  ¥rire  is 
drawn  through  a  die  less  than  itself,  being  thereby  lengthened,  if  it  is 
wholly  immersed  in  a  given  quantity  of  water,  the  rise  in  temperature 
will  correspond  to  the  speed  with  which  the  wire  is  drawn.  If  a  fly-wheel 
running  at  a  given  velocity  be  immersed  in  water,  the  motion  gradually 
diminishes,  and  the  water  rises  in  temperature ;  but  if  the  wheel  be  held 
against  the  side  of  the  dish  containing  the  water,  a  greater  rise  in  temper- 
ature will  be  indicated.  -If  the  total  heat  in  a  given  weight  of  steam  is 
measured  by  suddenly  mixing  and  condensiog  it  in  a  given  quantity  of  water 
of  the  temperature  of  ^(f  Fahr.,  lO^O"*  becomes  sensible ;  but  if  the  steam  is 
slowly  condensed  in  a  small  sur&ce  condenser,  680°  only  may  become 
sensible.  Experiments  which  I  have  performed,  giving  these  and  many 
similar  results,  prove  that  the  amount  of  heat  made  sensible  depends  upon 
the  speed  with  which  equilibrium  is  destroyed  or  restored.  The  latent 
heat  in  steam  can  be  viewed  as  a  motion  of  its  matter,  and  the  heat 
made  sensible  in  restoring  equilibrium  depends  wholly  upon  the  period 
of  time  in  which  it  is  restored.  Time,  heat,  and  motion,  may  therefore 
be  intimately  connected. 

Fig.  1,  Plate  YIU.  is  a  representation  of  a  column  of  high-pressiure 
steam  issuing  freely  into  the  atmosphere.  If  the  hand  be  held  at  the  base 
of  the  column,  a  great  degree  of  cold  is  felt  in  the  surrounding  air 
immediately  in  contact,  and  the  greater  the  pressure  of  the  steam  before 
liberation,  the  greater  will  be  the  degree  of  cold  felt  If  a  spring  balance 
(having  a  very  light  disc  attached)  be  held  in  the  issuing  column,  an 
oscillatory  motion  will  be  imparted  to  the  disc,  the  time  of  an  oscillation 
depending  upon  the  pressure  or  on  the  speed  of  expansion.  As  we 
ascend  the  column,  the  time  of  an  oscillation  is  greater,  and  as  the  pressure 
of  the  steam  is  increased,  the  temperature  of  the  issuing  steam  near  the 
base  of  the  colmnn  diminishes,  as  shown  by  inserting  a  thermometer.  The 
steam  on  being  liberated  suddenly  expands,  and  the  surrounding  air  en- 
deavours to  supply  the  demand  for  heat ;  but,  as  the  heat  in  the  air  is 
unable  to  supply  the  expanding  steam  with  sufficient  rapidity,  the  steam 
partially  condenses,  and  the  heat  produced  by  this  partial  condensation 
maintains  the  remaining  steam,  which  causes  the  volume  to  alternately 
increase  and  decrease,  producing  the  oscillations  shown  in  the  figure.  To 
trace  this  phenomenon  stOl  further,  I  experimented  with  a  small  high-pres- 
sure engine,  driven  at  different  speeds,  with  the  view  of  determining  the 
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speed  best  suited  for  different  pressures,  with  different  degrees  of  expan- 
sion. In  experimenting  at  slow  velocities,  no  condensation  of  the  steam 
in  the  cylinder  was  perceptible,  and  the  figure  traced  by  the  pencil  of  the 
indicator  showed  a  regular  curve,  represented  in  fig.  2.  When  the 
velocity  was  increased  the  figures  became  oscillatory,  and  a  greater  con- 
densation of  the  steam  in  the  cylinder  was  very  evident  oti  opening^  the 
discharge  cock.  As  the  speed  was  further  increased,  the  oscillation  and 
condensation  rapidly  increased,  and  the  indicator  figures  became  no  gaide 
for  the  quantity  of  steam  used,  but  the  greater  amount  of  fuel  required 
distinctly  proved  that  the  steam  was  not  sufficiently  supplied  with  heat 
for  the  rapidity  of  its  expansion.  On  examining  figures  taken  from 
engines  working  expansively,  it  will  be  seen  that  the  speed  of  the  piston 
has  a  great  effect  in  changing  the  form  of  the  curve.  When  the  piston  is 
at  its  point  of  greatest  speed  the  pressure  falls  quickly,  and  as  the  speed  of 
the  piston  diminishes  towards  the  end  of  its  stroke,  the  figure  faUs  less  and 
less  quickly.  The  influence  of  the  same  law  is  shown  on  compressing 
steam  into  a  less  volume;  the  greater  the  speed  of  compression,  the  greater 
is  the  rise  in  pressure.  Locomotive  and  other  engines  working  expansively, 
by  means  of  the  link  motion,  compress  a  certain  volume  of  the  exhaust 
steam  at  the  termination  of  each  stroke ;  and  on  measuring  any  of  the 
figures  of  such  engines,  it  will  be  seen  that  the  greater  the  speed  of  com- 
pression, the  higher  the  pressure  of  the  compressed  steam.  An  example 
of  this  is  given  in  fig.  4.  When  steam  of  a  certain  pressure  is  suddenly 
exhausted  into  the  atmosphere,  or  into  the  condenser,  the  sudden  expan- 
sion of  the  steam  robs  the  cylinder  of  a  great  portion  of  heat,  and  by 
altering  the  speed  of  exhaust,  the  condensation  of  the  entering  steam  can 
be  increased  or  diminished.  Short-stroked  engines  running  at  a  high  speed 
open  the  exhaust  with  a  greater  speed  in  proportion,  consequently  a 
greater  amount  of  heat  is  robbed  from  the  cylinder.  It  is  a  great  mistake 
to  construct  an  engine  with  a  sudden  exhaust  and  a  large  condenser. 
The  Cornish  pumping  engines  have  very  small  condensers,  and  very  slow 
exhausts,  which  gives  them  an  important  advantage  over  the  generality 
of  short-stroked  crank  engines.  If  the  exhaust  steam  could  be  removed 
from  the  cylinder  before  being  expanded,  then  our  only  loss  would  be  the 
pressure  of  the  steam  at  that  period.  In  Cornwall  the  steam  induction 
passages  are  virtually  the  largest,  and  the  eduction  the  smallest,  quite 
contrary  to  the  general  practice  elsewhere. 

The  jacket  in  these  engines  supplies  heat  to  the  cylinder,  and  the  steam 
maintains  nearly  a  uniform  temperature  throughout  the  stroke,  and 
instead  of  throwing  the  whole  of  this  valuable  heat  into  the  condenser,  a 
certain  portion  of  it  is  retained,  and  compressed  in  cushioning  the  moving 
mass  at  the  termination  of  the  out-door  stroke.     This  portion  of  stiper- 
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heated  steam  filiing  the  clearance  space  aboye  the  piston,  superheats  the 
entering  saturated  steam,  admitted  suddenly  by  the  sudden  opening  of  the 
large  steam  valve ;  and  this  heat  maintains  the  steam  in  its  gaseous  form 
without  extra  fuel,  since  it  is  recovered  from  the  previous-stroke  steam. 
There  are  other  means  of  superheating  steam ;  for  instance,  if  steam  be 
generated  in  a  vessel  at  a  high  pressure,  and  then  aUowed  to  expand 
freely  into  an  empty  vessel,  that  portion  which  enters  first  expands, 
and  is  immediately  afterwards  compressed  by  the  following  portion.     The 
volume  of  the  steam  by  this  compression  becomes  superheated,  and  pos- 
sessed of  an  elasticity  greater  than  that  due  to  its  density.     Watt  denied 
that  there  was  any  increase  in  the  total  heat  in  saturated  steam.    Southern 
asserted  that  the  whole  of  the  augmentation  in  temperature  was  so  much 
additional  heat.     When  steam  is  generated  under  an  increasing  pressure, 
we  find  that  the  pressure  rises  very  slowly  at  first,  but  the  more  the' tem- 
perature rises,  the  more  rapidly  does  the  pressure  increase.     From  this 
fact  many  have  thought  that  less  fuel  was  required  to  evaporate  water  at 
the  higher  pressures,  but  Watt,  Christian,  and  many  others,  found  that  an 
equal  quantity  of  fuel  was  required  to  evaporate  equal  quantities  of  water 
imder  different  uniform  pressures.      Experience  has  shown  that  rather 
more  fuel  is  required  to  evaporate  water  at  the  higher  pressures,  and  this 
is  probably  because  the  difference  of  temperature  between  the  furnace 
and  the  boiler  is  less  as  the  pressure  is  increased,  and  the  loss  by  radia^ 
tion  is  also  increased.     With  ordinary  pressures,  only  about  6  per  cent, 
extra  fuel  is  required.      When  evaporating  water  under  an  increasing 
pressure,  the  whole  volume  of  water  in  the  boiler  has  to  be  raised  to 
a  corresponding  temperature,  and  we  inoYf  that  an  increase  of  about  40** 
Fahr.  is  required  in  raising  the  pressure  from  one  to  two  atmospheres, 
and  only  46""  Fahr.  additional  in  raising  it  from  two  to  four  atmospheres. 
If  the  steam  space  is  small,  and  if  there  is  a  great  body  of  water  in  the 
boiler,  the  fuel  required  to  raise  the  pressure  from  15  pounds  per  inch  to 
30  pounds  per  inch,  may  be  nearly  double  that  required  to  raise  the  pres- 
sure an  additional  atmosphere,  namely  from  30  to  45  pounds  per  inch.   This 
is  the  cause  of  the  greater  velocity  as  the  pressure  increases.     Some  very 
successful  trials  of  mixing  saturated  steam  with  superheated  steam  have 
been  made  lately,  and  many  would  at  first  wonder  when  told  that  two 
different  steams  of  the  same  pressure,  when  mixed  together,  suddenly 
became  of  a  higher  pressure.     In  several  experiments  which  I  have  per- 
formed with  steams  of  little  above  atmospheric  pressure,  with  their  respective 
temperatures  about  500"  Fahr.  and  214"  Fahr.,  the  pressure  instantaneously 
increased.   I  intend  in  future  experiments,  if  possible,  to  define  the  amount. 
Having  already  said  that  the  latent  heat  made  sensible  by  condensing  a 
certain  weight  of  steam  depends  upon  the  speed  of  condensation,  I  may  add 
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that  I  am  of  opinion  that  saturated  steam,  when  mixed  with  water  at  about 
60*"  Fahr.,  is  condensed  at  the  same  speed  as  that  at  which  it  was  generated ; 
because  the  same  quantity  of  fuel  which  generated  the  steam,  can,  if 
applied  directly  to  the  water,  raise  the  same  volume  through  nearly  an 
equal  number  of  degrees ;  but  apart  from  this,  if  high-pressure  steam  be 
condensed  without  being  allowed  to  expand  (which  is  easily  accompliahed 
by  filling  the  condenser  with  air  at  nearly  the  same  pressure),  the  heat 
made  sensible  is  less  than  that  of  low-pressure  steam,  if  measured  in  the 
same  manner.  The  greater  weight  of  the  air  slightly  prevents  the  speed 
of  condensation.  Steam  can  be  viewed  as  a  body  in  motion.  If  its  motion 
is  destroyed  in  a  given  period  of  time,  the  amount  of  heat  made  sensible 
is  equivalent  to  that  required  to  give  an  equal  body  the  same  amount  of 
motion  in  the  same  time.  In  expanding  steam  under  a  steam-engine 
piston,  a  very  small  portion  would  resume  the  form  of  water  if  1000* 
Fahr.  were  liberated  to  supply  the  then  remaining  steam,  as  generally 
believed ;  but  as  the  steam  very  slowly  resumes  the  form  of  water  in 
expanding,  a  great  quantity  would  consequently  require  to  condense  to 
supply  the  demand,  and  in  a  steam-engine  where  no  means  of  supplying 
the  expanding  steam  is  adopted,  if  cutting  off  at,  say,  half  stroke,  with  an 
ordinary  motion,  no  water  in  the  cylinder  may  be  perceptible ;  yet,  if  the 
steam  be  cut  off  at  one-fourth  of  the  stroke,  the  piston  running  at  the 
same  speed,  the  greater  quantity  of  water  in  the  cylinder  will  distinctly 
tell  upon  the  fuel  consumed. 

Steam,  viewed  as  a  body  in  motion,  cannot  be  expected  to  impart  motion 
to  another  body,  without  an  equivalent  diminution  in  its  own  motion;  yet 
in  considering  the  action  of  steam  in  an  engine  working  with  a  uniform 
pressure  throughout  the  stroke,  many  entertain  the  idea  that  the  steam  is 
nothing  impaired,  when  the  stroke  is  accomplished,  because  they  find  a 
cylinder  full  of  steam  at  the  same  temperature  and  pressure  as  at  the 
beginning  of  the  stroke ;  and  a  cylinder  full  of  steam  is  thrown  into  the 
condenser.  This  is  no  doubt  the  weight  of  steam  thrown  into  the  con- 
denser ;  still  it  forms  no  measure  of  the  quantity  of  steam  which  left  the 
boiler.  On  motion  being  given  to  the  piston  a  certain  portion  of  tiie 
steam  loses  its  motion,  and  becomes  water  of  the  surrounding  temperature. 
Additional  steam  from  the  boiler  occupies  the  place  of  the  previous  steam, 
and  tbis  change  of  motion  continues  as  long  as  the  piston  continues  to  re- 
ceive motion.  Undoubtedly  a  very  small  percentage  of  the  motion  in  steam 
is  iitiLLzed  in  this  manner,  compared  with  the  quantity  thrown  into  the  con- 
denser; but  by  increasing  the  load  on  the  piston  it  is  easy  to  see  that 
a  greater  per  centage  will  be  utilized,  and  that  greater  economy  of  fuel  wiU 
follow.  Oliver  Evans,  and  many  others,  have  distinctly  mentioned  that  it 
did  not  require  double  the  fuel  to  double  the  work  of  an  engine  working 
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fall  preflsure.  There  are  many  aware  that  steam  aarames  the  form  of 
water  in  expanding  under  pressure,  who  still  beHeve  that  the  portion 
condensing  giyes  out  1000''  Fahr.  (which  is  termed  the  latent  heat)  to 
superheat  the  steam  still  remaining.  I^  however,  the  motion  in  steam 
could  be  absorbed  by  producing  motion  in  another  body,  and  still  lOOO*" 
Fahr.  made  sensible,  we  could  then  gain  motion  or  heat  without  fuel ;  but 
when  we  consider  that  the  motion  in  steam  is  wholly  absorbed  by  another 
body,  we  cannot  expect  even  1"*  Fahr.  to  make  itself  sensible  in  expanding 
the  remaining  steam.  On  again  referring  to  the  indicator  figures,  shown 
in  Plate  Vlll.,  we  find  that  when  the  steam  is  suddenly  expanded,  it 
rapidly  diminishes  in  both  temperature  and  pressure,  and  being  below  the 
temperature  of  the  cylinder  and  piston,  it  abstracts  the  heat  from  the 
cylinder  and  enlarges  the  whole  voltune,  which  again  diminishes  by  the 
rapid  expansion.  This  change  of  motion,  or  condition,  abstracts  an  equi- 
valent amount  of  heat  from  the  cylinder  which  must  be  supplied  from  the 
entering  steam,  with  a  proportionaUy  increased  expenditure  of  fuel ;  con- 
sequently, the  greater  the  degree  or  speed  of  expansion  the  slower  should 
the  velocity  of  the  piston  become,  unless  the  motion  in  the  steam  is  pre- 
served by  heat  from  another  source.  The  motion  in  steam,  or  any  other 
body,  can  be  preserved  with  a  less  expenditure  than  that  required  for  its 
production,  and  in  steam-engines  where  this  has  been  attended  to,  great 
economy  has  been  obtained.  I  do  not  mean  that  steam  should  be  super- 
heated above  what  is  necessary  to  preserve  its  motion,  for,  if  the  steam 
be  superheated,  the  whole  is  thrown  away  at  the  termination  of  the  stroke, 
unless  means  are  employed  for  recovering  the  heat.  A  certain  portion  of 
this  heat  is  recovered  in  the  Cornish  engines,  as  I  have  already  noticed, 
by  closing  the  equilibrium  valve  before  the  end  of  the  stroke ;  and  as  the 
moving  mass  is  increased,  the  greater  volume  of  this  superheated  steam  is 
retained  and  compressed.  It  is  proverbially  well  known  throughout 
ComwalJ,  that  the  duty  of  the  engines  has  increased  as  the  mines  have 
been  wrought  deeper,  and  the  moving  mass  consequently  increased ;  and 
many  have  also  found  a  gain  by  increasing  tlie  moving  mass  in  crank 
engines.  I  have  already  briefly  explained  the  cause  of  this  increased 
duty,  when  considering  the  action  of  an  engine  working  with  a  uniform 
pressure  throughout  the  stroke.  When  the  load  is  increased  in  the  Corn- 
ish engines  the  degree  of  expansion  is  also  increased,  the  velocity  of  the 
piston  diminishes,  and  a  greater  portion  of  the  superheat  is  recovered  from 
the  previous-stroke  steam,  by  retaining  a  greater  portion  in  the  clearance 
space  in  the  manner  already  explained.  These  advantages  outweigh  the 
loss  by  the  extra  friction  of  the  greater  moving  mass.  I  have,  by  repeated 
experiments,  found  that,  as  asserted  by  high  authorities,  the  consumption 
of  ftiel  required  to  raise  a  given  volume  of  water  through  a  given  number 
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of  degrees  is  equal,  whaterer  is  the  time  in  which  it  is  accomplished.  Bj 
the  oonsumptioD  of  1  pound  of  fuel,  a  certain  volume  of  water  b  raised  in 
temperature  10**  Fahr.  in  an  hour ;  and  the  consumption  of  2  pounds  of 
fiiel  can  raise  the  same  volume  of  water  twice  as  rapidly,  that  is,  20*  Fahr. 
in  an  hour.  Here  is  therefore  a  means  of  gaining  or  losing  time  ad  iSritmn 
if  the  rise  in  temperature  is  the  work  required  from  the  fuel.  It  follows, 
as  a  consequence,  that  if  we  construct  a  iurnace  to  consume  4  pounds  of 
fuel  per  hour,  instead  of  2  pounds,  we  can  then  raise  double  the  qumntitj 
of  water  through  a  given  number  of  degrees  in  a  given  period  of  tune, 
which  will  undoubtedly  be  a  great  gain.  When  saturated  steam  is  mixed 
with  water  at  about  40*  Fahr.,  1040*  Fahr.  become  sensible:  bat  bj 
another  experiment,  to  which  I  have  already  alluded,  680*  Fahr.  be- 
come sensible.  Here  then  is  a  means  of  losing  heat,  because  the  steam 
was  condensed  in  a  longer  period  of  time.  If  the  motion  of  a  body 
be  absorbed  by  another  body  of  an  equal  weight  in  an  almost  inconceiv- 
ably short  period  of  time,  an  equal  amount  of  motion  is  produced  in  the 
latter  body ;  but  if  the  first  body  impart  its  motion  during  a  greater  length 
of  time,  a  correspondingly  longer  x>eriod  of  time  is  required  to  produce 
the  same  motion  in  the  second  body. 

From  these  considerations,  it  would  appear  that  time,  heat,  and  motion 
can  be  lost;  but  I  have  already  alluded  to  the  intimate  connection 
between  the  three,  and  no  one  of  them  can  be  lost  without  producing  an 
equivalent  of  one  or  both  of  the  other  two.  We  have  been  led  to  believe, 
upon  high  authority,  that  there  is  no  more  possibility  of  increasing  the 
power  of  an  engine  by  merely  altering  its  working  parts,  than  there  is  of 
increasing  the  effect  of  a  water&ll,  by  arranging  the  pipes  which  serve  it. 
Fortunately,  those  who  have  found  it  necessary  to  apply  a  constant  stream 
of  cold  water  upon  the  crank-pin  and  other  bearings  of  short-stroked 
engines,  cannot  believe  in  such  an  absurdity,  knowing  that  heat  cannot 
be  made  sensible  without  destroying  motion.  Witness  the  efiects  of 
experimental  engines,  constructed  with  the  view  of  economizing  fuel,  by 
carrying  the  expansion  of  saturated  steam  very  hx.  Experience  has 
taught  us  that  our  previous  theory  of  expansion  was  at  fault ;  and,  with- 
out fear  of  contradiction,  I  assert  that  the  engines  in  Cornwall  have,  foi 
the  last  twenty  years,  given  more  economical  results  when  cutting  off  at 
about  half  stroke,  than  the  generality  of  our  high-pressed  double-cylinder 
expansive  engines  (excepting  cases  where  an  additional  amount  of  heat  is 
supplied  to  the  steam,  corresponding  to  the  speed  of  its  expansion). 

I  shall  now  endeavour  to  explain  the  action  of  the  steam  in  the  cylin- 
der of  the  experimental  engine,  when  the  velocity  of  the  piston  was 
increased,  fig.  3  being  traced  by  the  pencil  of  the  indicator.  I  may  first 
mention  that  almost  precisely  the  same  figure  was  traced  whether  the 
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paper's  surface  was  rough  or  smooth,  or  the  pencil  spring  of  the  indicator 
strong  or  weak.     When  the  steam  first  enters  the  cylinder,  the  piston  is 
at  that  instant  in  a  state  of  rest  or  equilibrium ;  the  action  of  the  steam 
upon  the  piston  causes  it  to  recede  very  slowly  at  first,  and  a  certain  por- 
tion of  the  steam's  motion  is  destroyed,  having  been  absorbed  by  the 
.piston.     But  as  the  steam  valve  is  still  open,  fresh  steam  is  supplied  from 
the  boiler,  and  as  the  piston's  motion  is  accelerated,  a  greater  portion  of 
the  motion  in  the  steam  is  absorbed  ;  and  as  soon  as  the  steam  supplied 
is  deficient,  either  from  the  passage  being  too  contracted,  or  from  being 
wholly  intercepted  by  the  closing  of  the  cut-off  or  steam  valve,  the  pres- 
sure immediately  diminishes,  as  shown  by  the  first  fall  in  fig.  3.     At  this 
point  the  steam  has  so  suddenly  imparted  its  motion  to  the  piston,  that  its 
temperature  is  reduced  below  that  of  the  cylinder  in  which  it  is  contained ; 
but  although  it  is  at  a  low  temperature,  it  has  not  resumed  the  form  of 
water,  but  is  what  I  shall  term  supersaturated  steam,  being  possessed  of 
a  density  greater  than  that  due  to  its  pressure.      This  supersaturated 
steam  being  of  a  lower  temperature  than  the  cylinder  and  piston,  absorbs 
heat  firom  the  cylinder, — this  heat  ^ideavouring  to  restore  equilibrium  by 
supplying  the  demand,  and  the  motion  or  pressure  of  the  steam  again 
increases,  as  shown  by  the  rise  of  the  second  oscillation.     The  piston 
being  still  in  motion,  again  absorbs  the  motion  of  the  steam  with  greater 
rapidity  than  that  with  which  the  cylinder  can  supply  the  requisite  heat ; 
and  the  steam,  consequently,  falls  in  temperature.     This  change  of  motion 
would  continue  as  long  as  the  piston  continued  to  move,  the  cylinder  still 
endeavouring  to  supply  the  heat  required  by  the  expanding  steam.     It 
will  be  distinctly  noticed,  on  examining  the  figure,  that  as  the  velocity  of 
the  piston  diminishes  towards  the  termination  of  its  stroke,  the  time  of  an 
oscillation  increases,  and  the  variations  diminish^  as  already  explained 
when  considering  the  same  phenomenon  in  a  jet  of  high-pressure  steam 
issuing  freely  into  the  atmosphere.     If  a  certain  weight  of  cast-iron,  at 
the  highest  temperature  of  the  cylinder,  is  immersed  in  cold  water,  a  very 
small  quantity  of  heat  is  made  sensible ;  and  on  noticing  the  indicator 
figure  at  the  pexiod  when  the  first  abstraction  of  heat  from  the  cylinder 
takes  place,  we  find  that  the  whole  volume  of  the  steam  in  the  cylinder 
has  been  raised  in  pressure  by  the  heat  it  has  received  from  the  cylinder 
and  piston  in  a  very  short  period  of  time.     I  must  remind  you  that  steam 
supersaturated  by  expansion,  requires  very   little   heat  to  recover  its 
motion,  compared  with  that  required  for  its  production.     On  comparing 
figs.  2  and  3,  or  on  measuring  the  curve  of  compression,  we  find  that  the 
pressure  increases  in  a  much  greater  ratio  at  the  higher  velocities, 

We  have  generally  understood  that  any  body  falling  freely  by  the  action- 
of  gravity,  and  having  its  motion  destroyed  by  a  perfectly  elastic  material, 
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would  rebound  and  aacend  to  precisely  the  same  height  as  that  from 
which  it  fell,  in  an  equal  period  of  time ;  if,  therefore,  a  body  descends  in 
one  second  of  time,  by  the  end  of  the  next  second  we  expect  to  find  the 
ascending  body  at  precisely  the  same  height,  and  equilibrium  again 
restored— quite  independently  of  the  time  occupied  in  the  change  of 
motion.  If  we  can  conceive  the  change  of  motion  to  have  been  accom- 
plished  in  no  time,  then  this  law  would  be  correct ;  but  as  we  know  this 
to  be  impossible,  we  may  rest  assured,  that  whatever  time  is  occupied  in 
destroying  motion,  the  same  time  is  required  to  reproduce  it  in  the  same 
body.  When  a  body  is  projected  upwards  with  the  velocity  of  thirty-two 
feet  per  second,  its  motion  is  destroyed  in  one  second  of  time  by  the 
action  of  gravity,  and  we  find  that  exactly  one  second  of  time  is  required 
before  it  returns  with  the  same  velocity.  This  is,  undoubtedly,  a  universal 
law,  and  shows  that  time  can  be  lost  I  have  now  to  mention  an  equally 
important  law — ^namely,  that  the  heat  made  sensible  by  destroying  motion 
or  restoring  equilibrium  in  any  moving  body,  depends  wholly  upon  the 
time  in  which  the  motion  is  destroyed.  If  the  heat  made  sensible  by 
destroying  the  motion  of  any  body  in  a  unit  of  time  can  be  wholly  utilized, 
in  again  restoring  an  equal  motion,  this  will  undoubtedly  be  accomplished 
in  a  nearly  equal  period  of  time ;  but  if  two  units  of  time  have  elapsed  in 
destroying  the  motion,  then  the  heat  made  sensible  cannot  possibly  restore 
a  similar  motion  in  less  than  two  units  of  time.  I  have  repeatedly  proved 
this  by  experiments,  and  I  find  steam  forms  no  exception,  being  merely 
water  in  motion.  Those  who  have  performed  experiments  with  the  view 
of  discovering  the  amount  of  latent  heat  in  steam,  arrived  at  different 
results,  the  cause  of  which  I  shall,  with  your  permission,  endeavour  to 
explain  in  a  future  paper,  along  with  drawing  and  description  of  the 
apparatus  I  employed.* 

In  conclusion,  I  would  remark  that  the  key  to  the  various  phenomena 
I  have  been  discussing,  as  well  as  to  many  others,  lies  in  the  fact  that 
gravitation  endeavours  to  restore  equilibrium  or  rest  in  all  bodies. 
Motion  follows  on  equilibrium  being  destroyed,  and  ceases  on  its  being 
restored.  Thus  in  the  case  of  the  jet  of  steam  (fig.  1)  issuing  freely  into 
the  atmosphere,  at  first  a  certain  portion  of  the  air  is  robbed  of  its  heat 
to  supply  the  suddenly  expanding  steam,  and  then  an  equal  portion  of  air 
is  heated,  and  equilibrium  again  restored. 


The  PBEsmnrr  said  he  had  requested  the  secretaiy  to  pot  on  the  hoard  some  extnu^ 
ftt>m  a  table  of  results  obtained  hj  Begnaalt,  which  seemed  to  bear  upon  the  part  of  Mr. 
Morton*s  paper,  in  whieh  he  treated  of  the  heat  made  sennble  on  condensing  steam.    A 

*  Mr.  Morton*s  second  paper  is  given  at  page  97. 
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tjraaslation  of  the  paper  from  which  these  fignres  were  taken,  was  in  a  volume  of  the 
CavendiBh  Society's  publications.  With  Teference  to  the  cold  felt  in  a  jet  of  steam  issoing 
into  the  atmosphere,  he  might  mention  that  Messrs.  Joole  and  Thomson  had  made  some 
experiments  with  compressed  air  allowed  to  rush  out  fredy  into  the  atmosphere.  They 
found  that  the  temperature  fell  in  the  rapid  part  of  the  current,  hut  the  heat  was  almost 
all  reproduced  when  the  motion  had  quite  subsided.  Mr.  Joule  had  also  tried  some  more 
recent  experiments  on  steam,  which  had  not  as  yet,  he  beliered,  been  published.  He 
might,  however,  mention  that  nearly  similar  results  had  been  found  in  experimenting  with 
steam ;  the  heat,  however,  not  being  so  completely  reproduced  as  in  the  case  of  (ir.  Ab 
regarded  the  latent  heat  of  steam,  Mr.  Morton  differed  from  other  experimenters.  In  one 
case  he  had  fbund  1040*  given  out,  and  in  another  only  680*.  These  results  did  not  agree 
with  those  obtained  by  Begnault,  and  noted  on  the  board ;  Eegnault's  experiments  were 
most  elaborate,  and  conducted  with  every  possible  care  at  the  expense,  of  the  French 
government.  The  entire  table  for  the  boiling  point  of  212*  Fahr.,  gave  the  result  of  44 
difTerent  experiments,  and  the  greatest  difference  in  the  latent  heat  obtained  was  not  above 
l-300th  part  The  six  experiments  noted  on  the  board  were  made  by  Regnault,  to  test 
whether  a  difference  in  the  rapidity  of  condensation  made  any  difference  in  the  result. 
Thus  in  one  experiment  the  time  occupied  was  three  times  as  long  as  in  another  in  which 
about  one-fourth  more  steam  was  condensed,  and  yet  the  difference  in  the  results  was 
exceedingly  small  In  another  set  of  78  experiments,  Begnault  fbund  that  the  total  heat 
of  steam  of  different  pressures  was  about  8-lOths  of  a  unit  of  heat  more  for  every  degree  of 
increase  of  the  boiling  point,  corresponding  to  the  pressure.  Thus  steam  of  a  pressure 
corresponding  to  222*,  would  give  out  8  units  of  heat  more  in  condensing^  and  cooling  to  a 
fixed  temperature,  than  steam  of  atmospheric  pressure  corresponding  to  the  boilmg  point  of 
212*.  With  regard  to  the  oscillations  shown  in  the  diagram,  fig.  8,  he  might  observe  that 
their  cause  Iiad  been  much  questioned.  Some  had  thought  the  oscillations  entirely  due  to 
the  action  of  the  indicator  spring,  but  this  could  not  be  considered  to  have  been  proved, 
and  there  were  good  grounds  for  attributing  them  to  the  varying  condition  of  the  steam. 
Questions  of  some  importance  were  brought  forward  in  the  paper,  as  to  whether  cushioning 
was  a  source  of  economy,  and  as  to  whether  loes  of  heat  was  caused  by  allowing  the  steam 
to  escape  too  suddenly  from  the  cylinder. 

Mr.  Mackain  stated  that  he  had  been  in  Cornwall,  and  had  seen  several  of  the  pumping- 
engines  there,  although  he  could  not  say  he  had  had  time  to  examine  any  of  them  very 
minutely.  He  was  much  struck  with  the  differences  in  the  speed  of  the  engines ;  they  came 
home  rapidly,  and  went  out  slowly.  He  thought  thehr  great  economy  arose  from  the 
thorough  condensation  which  was  allowed  to  take  place.  The  most  economical  engines 
only  made  firom  2  to  8  or  4  strokes  per  minute ;  when  the  speed  was  raised  to  6  strokes  per 
minute,  the  economy  ceased. 

Mr.  kiAJiS  said  that  he  had  seen  diagrams  like  fig.  8  taken  from  a  locomotive  when 
going  at  a  great  speed.  He  did  not  think  economy  could  result  firom  cushioning ;  and  the 
quicker  they  got  rid  of  the  steam  the  better.  Of  course,  a  slight  cushioning  was  desirable, 
to  ease  the  change  of  motion  of  the  reciprocating  parts,  but  more  cushioning  than  was 
necessary  for  this  would  be  injurious. 

Mr.  Tatt  gave  particulan  of  some  experiments  he  had  recently  made  with  a  cylinder  16 
inches  in  diameter,  having  a  stroke  of  8  feet  He  had  employed  steam  of  various  pressures, 
firom  50  lbs.  down  to  80  lbs.  With  the  steam  at  50  lbs.,  and  cut-off  at  9  inches,  and  the 
speed  86  strokes  per  minute,  the  diagram  showed  oscillations,  but  not  so  marked  as  those 
represented  in'  fig.  8.  He  had  no  hesitation  in  attributuig  these  oscillations  to  the  tremor 
of  the  movmg  mass.  In  this  experiment  4  cubic  inches  of  water  were  used  per  stroke. 
With  a  pressure  of  80  Ibe.,  and  cut-off  at  18  inches,  only  8  cubic  inches  of  water  were 
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used  par  stroke;  this  experiment  gave  far  the  prettiest  diagnun.  There  was  1  or 
2  Ih.  to  spare  at  the  end  of  the  stroke,  whiUt  in  the  first  case  the  pressiire  was  helmr 
the  atmosphere  at  the  end  of  the  stroke.  When  altering  the  expansion  by  means  of  tha 
link  motion,  the  cushioning  was  greater,  the  greater  the  cut-off.  The  link-motion  was  b«d 
expansion  gear,  and  caused  an  injurious  back  pressure,  by  retaining  too  much  cushiomn^ 
steam.  With  regard  to  the  steam  jet  issuing  from  the  pipe,  he  thought  that  the  cooGng 
effect  was  partly  due  to  the  inrushing  of  the  air  drawn  into  the  steam  currenL 

Mr.  B.  CoNNOH  thought  it  difficult  to  conceive  how  the  pressure  oould  vary  alternately 
in  opposite  directions,  in  the  way  shown  in  fig.  8.  It  was  natural  to  suppose  that  the 
prassnre  wonld  vary  gradually  \  he  should  be  bicUaed  to  attribute  the  oscillations  ahown 
entirely  to  the  imperfection  of  the  indicator. 

Mr.  Morton  said  that  in  Ragnauk*s  experioMOts,  referred  to  by  the  President,  the  quan- 
tity of  steam  condensed  in  a  given  time  was  varied,  and  consequently  the  rate  of  genevatioii ; 
but  tliat  did  not  prove  that  the  speed  of  condensation  was  varied.  The  condenser  waa  the 
same  size,  and  the  water  surrounding  it  of  the  same  temperature  in  all  the  experimentSL 
In  order  to  vary  the  speed  of  condensation,  it  wonld  be  necessary  to  use  water  of  differani 
temperatures,  and  condensers  of  different  sizes.  It  was  by  using  a  small  condenser  that  he 
had  obtained  the  result  of  680*  Utent  heat.  In  his  experiments  he  had  used  condenaen, 
each  one  smaller  than  the  previous  one.  In  one  case  he  obtained  900*;  with  a  smaller 
condenser  he  obtained  720* ;  and  with  a  smaller  still,  only  680*.  He  did  not  consider  the 
three  indicator  figures  as  at  all  good  with  reference  to  the  performance  of  the  engine. 
They  were,  in  fact,  all  bad  figures ;  but  he  had  used  them  to  show  the  effect  on  the  curve  of 
compression,  by  altering  the  speed,  and  for  other  special  purposes  connected  with  the  olgects 
of  lus  paper.  With  refiBience  to  the  steam  jet,  he  had  in  some  experiments  encased  the  jet^ 
to  prevent  the  inrush  of  air,  but  the  fall  in  temperature  was  still  shown. 

On  the  motion  of  the  Pbbsidbst,  the  thanks  of  the  meeting  were  voted  to  Mr.  Morton 
for  his  paper. 


The  foUowing  discussion  then  took  place  on  the  subject  of — 
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Deemed  Divisions. 

This  discussion  was  in  continuation  of  that  held  on  the  23d  December, 
1 857,  and  recorded  at  page  43. 

The  Pkksidknt  said,  it  was  dow  time  to  proceed  with  the  discQnion  of  the  ratigflct  of 
Decimal  DiTisiona,  which  had  been  adjourned  at  the  December  meeting.  At  tliat  meetiog 
two  papers  had  been  read  on  the  subject :  one  by  Mr.  J.  Simon  Holland  of  London,  -mho 
recommended  that  the  sixteenth  of  an  inch  shoold  be  taken  as  a  standard  mit  of  length, 
that  it  should  be  termed  a  "  steen,"  and  that  units  derived  from  it  should  be  employed  for 
weight,  money,  and  measures  of  all  kinds.  The  other  paper  was  by  Mr.  Walter  Neilson 
of  Hyde  Park  Foundry,  who  recommended  the  adoption  of  the  entire  IVench  system  of 
weights  and  measures,  the  use  of  which  was  gradually  spreading  over  the  Continent  of 
Europe.  At  the  first  meeting  of  the  session  in  October  the  Institution  had  had  explained 
to  them  Mr.  Whitworth's  proposed  system,  the  chief  feature  of  which  was  the  division  of 
the  inch  into  one  thousand  parts.  The  paper  in  which  Mr.  Whitworth  explained  and 
advocated  his  system,  had  since  been  published  in  foil,  and  some  extracts  from  the  com- 
parative tables  given  in  it  had  been  put  upon  the  board  for  the  information  of  the  meeting. 
He  would  call  on  Mr.  Nboson  for  any  further  remarks  he  had  to  offer  on  the  subject. 

Mr.  Neilsok  said,  Mr.  Whitworth^s  system  was  very  good  for  screw-taps  and  dies,  and 
wire  gnages,  and  for  such  articles  of  minute  dimensions  as  were  made  of  certain  fixed  sises. 
The  main  object,  however,  of  that  system  was  to  obtain  uniformity  in  small  gauges  and 
sizes,  and  it  could  scarcely  be  said  to  touch  upon  the  broad  principle  of  decimal  divisions. 
Such  minute  measurements  as  thousandth  parts  of  an  inch,  were  quite  out  of  the  province 
of  an  ocular  scale,  and  could  only  be  recognized  by  touch.  Gauges  and  size  scales,  marked 
with  subdivisions  of  the  inch,  might  be  used  for  such  minute  measurements,  without 
creating  inconvenience  in  connection  with  scales  for  larger  sizes  having  quite  a  different 
standard  or  unit  He  would,  however,  go  further,  and  look  to  the  establishment  of  a  com- 
plete decimal  system,  and  in  that  case  it  would  be  necessary  to  consider  how  the  inch  would 
answer  as  a  unit  for  sizes  and  measures  greater  than  an  inch.  He  had  previously  endea- 
voured to  show  that  the  inch  would  be  a  very  inconvenient  standard  for  a  complete  system, 
and  he  need  scarcely  observe  that  one  of  the  chief  objects  of  a  new  system  must  be  to  reduce 
the  number  of  different  units  of  size,  so  as  to  simplify  calculations  and  the  retention  of 
tables  of  measures  in  the  memory.  Nothing  could  be  simpler  than  the  French  m^tre 
system.  He  would  not  then  go  into  the  question  of  its  desirability  for  extra  large  measure- 
ments, but  the  great  convenience  of  the  various  subdivisions  of  the  m^tre  was  indisputable. 
He  had  had  a  half-m^tie  rule  constructed,  which  he  exhibited.  The  smallest  divisions  on 
it  were  milUmitres,  quite  minute  enough  for  any  measurement  the  eye  had  to  estimate ; 
the  divisions  next  in  size  each  measured  one  centim^re,  almost  exactly  equal  to  our  three- 
eighths  of  an  inch,  than  which  there  was  not  a  more  used  measurement  in  engineering  practicr. 
Then  we  had  two  centimetres,  almost  the  same  as  our  three-quarters  of  an  inch ;  and  three 
centimetres,  almost  an  inch-and-an-eight,  also  very  much  used  measurements.  .  From  the 
constant  practice  into  which  engineers  were  forced  by  circumstances,  many  acquired  a  second- 
nature  facility  in  calculating  quantities  containing  such  measurements  as  |ths,  |ths,  |th 
inch,  but  it  was  obviously  much  simpler  to  calculate  quantities  in  which  those  often-recuning 
sizes  were  designated  as  1,  2,  or  8  ceutimetres.  Tf  the  French  system  were  adopted,  there 
would  not  be  the  slightest  difficulty  in  working  out  Mr.  Whitworth's  system  of  tap  and  die 
scales,  and  wire  gauges,  in  accordance  with  it.    The  various  sizes  might  easily  be  numbered 
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to  corraipond  to  their  meaiaiM  in  the  minuter  snbdiviaou  in  the  mhn  ecale ;  jnat  as  io 
Kr.  Whitworth^s  syfltem  the  nnmberB  were  made  to  correspond  to  thonsandths  of  an  incii. 

The  Pbesidsmt  remarked  that  amongst  the  inoonTeniences  attending  the  introdocckn  of 
any  new  system,  would  be  the  necessity  of  altering  a  variety  of  nsefol  memoranda  which 
an  engineer  carried  in  his  memoiy,  and  of  which  many  happened  to  be  very  couTenienily 
expressed  according  to  the  present  system.  He  might  instance  the  following  amongst  sssdh 
memoranda : — The  tenacity  of  good  bar-iron,  60,000  lbs.  per  square  inch ;  that  of  boiler- 
plates, 60,000  lbs.  per  square  inch ;  that  of  ordinary  cast-iron,  16,000  to  18,000  Iba^  per 
square  inch.  The  greatest  tension  in  a  square  cast-iron  bar,  when  broken  across,  is 
40,000  lbs.  per  square  inch ;  the  weight  of  a  wrought-iron  bar,  3  feet  long  and  one  inch. 
square,  10  lbs.  Such  numbers  as  these  would  have  to  be  unlearned,  and  new  nnmben 
learned,  were  the  units  of  measure  changed.  It  would  be  well  that  any  one  advocating  a 
new  system  should  consider  how  inconveniences  of  that  kind  were  to  be  got  over. 

Mr.  NsiuBOM  observed  that  it  was  quite  possible  the  data  referred  to  might  in  Dumj 
cases  be  expressed  in  simpler  figures  than  those  at  present  used.  He  thought  few  engineers 
trusted  to  their  memory  for  data  and  figures  like  those  mentioned ;  for  his  part,  he  con- 
sidered it  safer  to  refer  to  tables  when  they  were  wanted. 

The  Pbesidemt  thought  it  useful  to  be  able  to  do  without  tables  as  fer  as  possible. 

Mr.  Wm.  Johmstose  observed  that  civil  engineers  had  already  adopted  the  foot  and  mere 
as  units,  and  invariably  used  decimal  divisions  of  those  units,  findmg  them  extremely 
convenient  He  thought  great  inconvenience  would  be  caused  by  substituting  the  Fraich 
m^tre  system  in  civil  engineering;  as  far  as  regarded  civil  engineering,  the  present 
system  was  so  simple  and  comprehensive  that  there  was  no  call  for  change. 

Mr.  Mackais  difiered  from  the  last  speaker  respecting  the  inconvenience  that  would 
attend  a  change.  If  the  m^tre  sj'stem  were  once  adopted,  calculations  could  be  made 
and  quantities  compared  in  it  as  easily  as,  if  not  more  easily,  than  in  the  present  system. 

Mr.  Neilsow  could  not  see  how  they  differed  in  principle  from  the  French  system,  if  they 
divided  the  foot  into  ten  like  the  civil  engineers,  and  (he  inch  into  ten,  as  Mr.  Whitworth 
proposed,  whilst  by  at  once  adopting  the  French  system,  they  would  avoid  the  awkward 
combination  of  two  such  different  units  as  the  foot  and  the  inch. 

In  reply  to  a  remark  from  Mr.  A.  Smith,  to  the  effect  that  it  was  expected  that  the  advo- 
cates of  a  new  system  should  point  out  its  special  advantages,  Mr.  Lawrie  said  that  any 
one  could  easily  discover  the  advantages  of  a  decimal  system,  by  calculating  the  solid 
contents  of  a  block  according  to  it  and  according  to  the  old  system.  A  vast  difference  in 
trouble  would  be  met  with. 

The  President  mentioned  one  decimal  set  of  measures  which  was  already  used  exten- 
sively in  Britain:  the  nautical  mile,  which  was  divided  into  10  cables,  each  cable  being 
divided  into  100  fathoms.  The  nautical  fathom  was  not  exactly  six  feet,  but  sufficiently 
near  to  be  considered  as  such  in  rough  calculations, — ^namely,  6*07574  feet. 

Mr.  Neilson  said  it  was  perhaps  unfortunate  that  none  of  our  present  measures  exactly 
came  in  with  any  in  the  French  system,  but  as  in  any  new  and  complete  system  all  but 
one  of  our  present  measures  would  have  to  be  rejected,  this  objection  could  scarcely  be 
said  to  apply  particularly  to  the  French  system.  As  regarded  the  comparative  facility 
attending  a  decimal  system,  he  might  observe  that  he,  and  he  believed  most  engineers,  as 
it  was,  reduced  everything  to  decimals  in  calculating  quantities  containing  our  present 
incongruous  measures.  He  knew  of  a  French  engineer  that  came  over  and  worked  in  an 
English  establishment,  who  got  a  foot-rule  in  his  pocket,  but  who  was  so  bewildered  with 
eighths  and  sixteenths,  that  he  found  it  the  simplest  plan  to  convert  sizes  into  centimetres  *"*i 
millimetres,  when  he  bad  to  make  any  calculation  in  connection  with  them.  The  engineexa 
in  the  south  of  France  used  rules  marked  with  English  measures  on  one  side,  and  French  on 
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the  oUier,  and  converted  Knglfah  sizes  bj  finding  them  on  one  side,  and  then  tnining  the 
mle  for  the  corresponding  French  measurement. 

The  Pbssident  here  introduced  to  the  meeting  Mr.  FsifTOir  of  Low  Moor,  a  member  of 
the  InsUtntion  of  Mechanical  Engineers,  who  stated  that  they  had  had  the  question  of 
decimal  measures  before  them  in  England  for  some  time.  The  matter  might,  however,  be 
said  to  be  m  wUUh  juo,  and  it  would  be  premature  to  pnt  forward  any  decided  opinion,  the 
sabject  having  been  referred  to  the  couicilof  the  Institution  of  Mechanical  Engineers,  who 
had  not  as  yet  come  to  any  conclusion.  He  was  very  glad  to  hear  what  was  being  gaid  on 
the  subject  at  the  present  meeting,  as  it  might  enable  him  to  throw  new  light  upon  it  at 
their  next  meeting  in  Birmuigham. 

Mr.  Wm.  Howie  made,  and  ]!y[r.  Nbiubon  seconded  a  motion,  which,  with  an  alteration 
suggested  by  Mr.  A.  Smcth,  and  agreed  to  by  the  proposer  and  seconder,  was  to  the  eflfect 
that— 

The  present  cooncil  be  constitated  a  committee  to  consider  and  report 
on  the  subject  of  decimal  divisions. 

This  motion  was  unanimously  carried. 
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Thb  Sixth  Meetiko  of  the  Session  was  held  in  the  Philosophical 
Society's  Hall,  on  Wednesday,  17th  Biarch,  1858,  the  Pbesidbnt  in  the 
chair. 


The  following  paper  was  read : — 
On  Winding  Apparatm^  including  Mining  Hoitis.  By  Mr.  Jas.  Robertson. 

[AB8TBACT.] 

The  object  of  this  paper  is  to  describe  a  system  of  Hoisting  Machines,  the 
leading  feature  of  which  consists  in  the  introduction  of  wedge-sur&ce 
frictional  wheels  for  connecting  the  winding  barrels  or  drums  with  the 
actuating  power,  instead  of  the  cog  wheels  ordinarily  employed. 

From  the  peculiarity  of  these  wheels  as  regards  the  mode  in  which  they 
act  on  each  other,  the  forms  of  ordinary  hoisting  machines,  for  many 
situations,  require  to  be  considerably  modified  to  secure  their  proper 
action ;  and  it  is  in  their  yarious  modifications,  joined  with  the  general 
facilities  they  afibrd  for  simplicity  of  construction  and  their  safe  and 
effectiye  action,  that  their  claim  to  attention  mainly  consists. 

The  more  prominent  advantages  attending  this  system  of  wheel-gearing 
as  applied  to  hobts  are— its  non-liability  to  fracture,  its  smooth  unbroken 
action,  and  its  ready  facilities  for  reversing,  breaking,  engaging,  or  disen- 
gaging, without  the  intervention  of  clutches  or  other  appliances  hitherto 
in  use  for  these  purposes. 

In  working,  all  hoisting  machines  are  liable  to  sudden  jerks  or  strains, 
arising  from  various  causes,  such  as  the  uneven  winding  of  the  chain  or 
rope  on  the  winding-barrel,  and  partial  unwinding — caused  by  its  read- 
justing  itself;  extension  of  the  slings  immediately  connected  to  the  weight, 
sudden  entanglement,  over- winding,  and  other  accidents,  which  frequently 
occur,  even  in  careful  hands — causing  the  body  in  motion  to  become 
suddenly  at  rest,  or  to  acquire  a  motion  backwards,  whilst  the  winding  of 
the  chain  continues ;  thus  allowing  the  load  and  machine  to  acquire  momen- 
tum in  opposite  directions,  and  changing  the  nature  of  the  efiect  on  the 
machine  and  lifUng  chains  from  a  steady  tension  to  an  effect  approaching 
percussion. 

To  meet  these  irregularities,  considerable  allowance  of  strength  is 
usually  given  in  constructing  hoisting  machines,  beyond  what  is  necessary 
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for  fair  action ;  but  in  many  Oases,  especially  in  high-speed  power  hoists, 
the  irregularities  are  such  that  no  practicable  extra  allowance  of  strength 
will  give  safety  in  all  contingencies,  as  the  jerk  or  concussion  at  times 
becomes  so  great  that  something  must  necessarily  g^ye  way,  where  aU  the 
connecting  gear  is  of  a  rigid  unyielding  nature. 

It  is  chiefly  to  power-hoists  that  the  improved  system  has  been  and  is 
being  applied.  In  large-size  and  high-speed  hoisting  machines,  such  as 
pit  winding  engines,  it  is  chiefly  the  non-liability  of  the  wedge-surface 
frictional  wheels  to  fracture,  and  their  smooth  action,  which  are  of  most 
adrantage.  In  small  hoists  and  steam-cranes  this  quality  is  also  an 
advantage ;  but  the  facilities  for  reversing,  breaking,  engaging,  and  disen* 
S^^g^g)  together  with  the  motions  peculiar  to  this  system,  are  of  more 
advantage,  as  they  simplify  and  render  these  machines  more  manageable 
generally—- cheapening  and  presenting  inducements  for  their  more  extended 
use. 

A  simple  and  useful  arrangement  consists  of  a  winding-barrel,  driven 
by  a  grooved  wheel  keyed  on  the  barrel  spindle.  The  shaft  carrying  the 
pinion  may  be  connected  to  be  driven  continously  by  any  power.  Motion 
is  commxmicated  to  the  barrel  by  drawing  the  wheels  into  contact^  which 
can  be  done  very  simply  in  many  ways.  A  small  separation  of  the  grooves 
(grooved  sur&ces)  serves  to  throw  the  wheels  out  of  gear ;  and  when  out 
of  gear,  the  barrel  being  unconnected  with  any  retarding  cause  beyond 
the  friction  of  its  bearings,  is  free  to  unwind  by  hand  or  by  the  weight. 
Under  various  forms  this  simple  arrangement  has  been  applied  to  sack- 
lifls  and  other  similar  lifting  apparatus ;  their  arrangement  varying  with 
the  situation  in  which  they  are  placed,  and  with  the  connecting  gear  by 
which  they  are  driven. 

In  a  modification  of  this  movement,  having  a  breaking  arrangement, 
the  driving  pinion  revolves  continuously,  and  the  beam  on  which  the 
barrel  bearing  rests  nearest  the  wheels  is  hinged  at  one  end,  and  is  moved 
up  and  down  at  the  other  extremity  by  a  small  eccentric  with  a  handle. 
When  the  beam  is  lowered,  the  weight  of  the  barrel  and  wheel  holds  the 
wheel  eflectively  in  contact ;  and  when  the  lifVing-rope  descends  in  the 
line  of  the  centres,  the  weight  of  the  load  also  tends  to  hold  the  wheels  in 
gear.  When  the  handle  is  lifted  upwards,  the  wheel  is  lifted  up  out  of 
gear  from  the  pinion,  and  is  brought  into  contact  with  a  grooved  concave 
stationary  break,  fixed  on  the  side  opposite  to  the  pinion,  so  that  the 
connecting  and  breaking  actions  are  managed  by  one  handle. 

In  a  third  modification,  an  internal  reversing  wheel  is  used,  which,  on 
changing  the  grooved  pinion  from  the  inner  to  the  outer  rim,  gives  reverse 
motion,  suspending  its  action  when  held  in  a  central  position.  The  back- 
ward motion  works  at  a  higher  speed  than  the  lifUng  one. 
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In  a  fourth  inodification,  a  bevil -wheel  reversing  movement  is  applied 
to  a  hoist — the  pinion  when  revolving  continuously  in  one  direction  com- 
municating a  reverse  movement  to  the  hoist,  when  it  is  drawn  from  the 
one  wheel  to  the  other.  When  it  is  held  in  a  central  position,  it  is  out  of 
gear,  and  the  barrel  is  free  to  unwind  by  hand.  Self-acting  break  move* 
ments  are  easily  connected  to  both  these  last  modifications,  so  as  either  to 
hold  the  winding  barrel  stationary  when  the  pinion  is  in  a  central  position, 
or  allow  a  weight  suspended  to  descend  gradually. 

Various  modes  of  working  grooved-surface  concave,  convex,  and  disc 
breaks  are  employed,  and  arrangements  for  rendering  their  action  simul> 
taneous  with  the  disconnecting  or  reversing  of  the  barrel  motion.  This 
form  of  break  is  much  more  powerful  under  the  same  pressure  than 
smooth-surface  breaks,  and  one  of  its  principal  advantages  is  the  ease 
with  which  the  amount  of  retarding  action  can  be  moderated ;  thb  arising 
from  the  wedge  action  requiring  a  greater  amount  of  traverse  between 
tight  and  loose  positions  than  is  experienced  with  smooth  surfaces. 

In  a  simple  modification  of  grooved-wheel  winch  or  hoist,  driven  by  a 
belt,  the  pulley  spindle  has  keyed  upon  it  a  grooved  pinion,  and  revolves 
continuously  with  the  pulley.  The  chain  barrel  has  keyed  on  it  at  one 
end  a  wedge-surface  wheel  gearing  with  the  pinion  on  the  pulley  spindle, 
and  on  the  other  end  an  internal  break  rim.  The  barrel  revolves  loosely 
on  its  spindle,  and  the  spindle  is  supported  in  its  position  by  eccentric 
snugs  formed  on  each  of  its  ends,  which  rest  in  the  cheeks.  On  one  end 
the  snug  is  extended  beyond  the  cheek,  and  a  handle  fixed  on  it^  By 
moving  the  handles  backwards  or  forwards,  the  spindle  is  partially  turned 
round,  and  in  consequence  of  the  eccentricity  of  the  snugs,  this  motion 
gives  the  barrel  a  small  amount  of  lateral  traverse,  in  consequence  of 
which,  when  the  handle  is  brought  into  a  forward  position,  the  wheels  are 
in  gear  and  the  baiTel  in  motion,  whilst  on  the  handle  being  drawn 
backwards,  the  internal  break  rim  is  brought  into  contact  with  the  seg- 
mental breakpiece  fitted  on  the  cheek  ;  and  finally,  when  the  handle  is 
held  in  a  central  position,  the  barrel  is  free  to  unwind.  This  kind  of  hoist 
can  be  variously  formed,  so  as  to  be  suited  for  fixing  either  on  a  floor, 
wall,  or  ceiling. 

Fig.  1,  Plate  IX.,  is  a  front  elevation,  and  fig.  2  is  an  end  elevation  of 
a  steam  winch,  worked  by  one  steam  cylinder,  the  crank  shaft  being  made 
to  revolve  continuously  in  one  direction,  whilst  the  motion  of  the  barrel 
is  reversed  by  means  of  an  internal  reversing  wheel  of  the  kind  already 
described.  The  frame  of  the  winch  is  constructed  of  the  usual  form,  with 
two  cheeks.  A,  connected  together  by  stay  rods,  B,  the  barrel  gearing  working 
between  the  cheeks.  A  small  frictional  pinion,  c,  is  keyed  on  the  crank 
shaft,  D,  which  acts  on  the  internal  or  external  rims,  k,  r,  of  the  revexsing 
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\rheel,  and  gives  rererse  motions,  the  power  being  further  reduced  at  the 
winding  barrel,  G,  by  a  grooved  pinion,  h,  and  wheel,  i.  The  pinion,  H, 
is  keyed  on  the  spindle,  j,  of  the  reversing  wheel,  E  f,  the  wheel,  i,  being 
keyed  on  the  winding  barrel,  6.  The  outer  rim  of  the  reversing  wheel  is 
grooved  externally,  to  form  a  break  wheel,  and  is  acted  upon  by  a  concave 
segmental  break,  K.  The  changing  of  the  pinion,  c,  to  different  rims,  B,  F, 
of  the  reversing  wheel  to  suspend  or  produce  motion  in  either  directioD, 
15  provided  for  by  passing  the  end  of  the  crank  shaft,  D,  nearest  the 
grooved  pinion  through  an  eccentric  bush,  l,  on  turning  which  bush  par> 
tially  round  a  slight  lateral  shift  is  given  to  the  pinion.  The  adhesion  is 
maintained  on  either  side  by  a  small  balance  weight,  m,  keyed  on  the  biish, 
L.,  and  when  the  weight  and  its  connecting  lever  is  in  a  vertical  position, 
the  pinion,  c,  is  out  of  gear,  and  when  the  weight,  m,  is  turned  to  either 
side,  the  pinion,  c,  is  brought  into  contact  with  the  reversing  wheel,  E  f. 
For  regulating  the  motion  of  the  winch,  a  handle,  N,  extends  conveniently 
outwards  from  it  for  the  hand,  and  this  handle,  N,  is  keyed  on  a  spindle, 
o,  which  passes  through  the  cheeks,  A,  and  along  the  entire  length  of  the 
winch,  and  having  upon  it  in  appropriate  positions  various  levers  for 
working  the  break,  reversing  movement,  and  steam  valve,  and  so  arranged 
that  when  the  handle,  n,  is  held  in  a  central  position  the  break  is  applied, 
the  pinion,  c,  out  of  gear,  and  the  steam  shut  off.  When  the  handle,  k,  is 
moved  forwards,  the  break  is  disengaged,  the  pinion^  c,  thrown  into  gear 
for  lifting,  and  steam  to  the  amount  required  at  the  same  time  admitted 
for  lifting.  When  the  handle,  n,  is  drawn  backwards,  a  corresponding 
action  at  double  the  lifting  speed  is  obtained  for  lowering,  and  at  a  less 
distance  back  for  lowering  a  weight  by  the  break,  without  the  steam. 
To  prevent  the  engine  sticking  on  the  crank  centre,  a  small  jet  of  steam 
can  be  admitted  to  keep  the  crank  shaft  constantly  in  slow  motion.  Ail 
the  movements  of  the  winch  are  managed  by  one  handle,  and  without  any 
jarring  action. 

Whilst  this  fiictional  system  applies  with  much  advantage  to  small 
hoists  and  cranes — simplifying  and  making  them  more  manageable — ^for 
heavier  operations,  such  as  pit-winding  engines,  the  writer  would  urge  its 
advantage  more  pressingly.  In  the  latter,  greater  interests  are  concerned, 
and  firom  the  liability  to  accident  to  which  the  machinery  now  employed 
in  this  branch  of  industry  is  exposed,  any  contrivance  offering  with 
reasonable  likelihood  to  lessen  this  liability,  at  least  deserves  attention. 
In  a  good  example  of  the  application  of  the  improved  gearing  to  a  double- 
cylinder  pit-winding  engine,  with  winding  gear  complete,  the  cylinder, 
valve  gear,  both  ends  of  the  crank  shaft,  and  also  one  end  of  the  pirn 
shaft,  are  supported  on  a  pair  of  triangular  cheeks,  firmly  stayed  and 
bolted  together  by  means  of  hollow  cast-iron  stays,  made  in  the  form  of 
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common  flange  pipes.  The  inner  pedestal  of  the  pirn  shaft  rests  in  the 
cheek  adjoining  the  pirn,  and  directlj  below  the  centre  of  the  cimnk 
shaft,  so  that  the  driving  pinion,  together  with  the  crank  shaft  and  small 
fly  wheel,  rest  with  their  entire  weight  on  the  diiyen  wheel  keyed  on  the 
pirn  shaft  to  give  the  required  adhesion.  But,  incidentally  with  this 
design,  a  firm  and  compact  winding  engine  is  obtained  without  any 
necessity  for  a  sole  plate,  and  requiring  no  greater  amount  of  material 
than,  if  so  much  as,  the  common  winding  engine,  to  give  the  reqniate 
strength.  The  oonneoting  rods  of  both  cylinders  are  coupled  on  one  crank, 
and  the  slides  and  other  parts  are  of  simple  arrangement  and  of  easy 
access.  The  ralyes  are  worked  by  link  yalre  motions,  so  arranged  that 
the  weight  of  the  link  and  rods  of  one  engine  balances  that  of  the  other 
without  the  intervention  of  balance  weights.  The  winding  shaft  extends 
out  in  the  same  vertical  plane  as  the  engine  shaft,  and  its  outmost  bearing 
is  supported  on  a  casting  set  on  the  same  level  as  the  engine,  so  that  there 
is  little  building  required  for  a  foundation*  A  break  is  hinged  on  the 
cheek,  and  acts  on  the  grooved  wheel  on  the  pirn  shaft,  being  pressed  on 
it  when  required  by  a  foot  lever  which  acts  by  a  small  eccentric  on  the 
break  piece.  A  small  shaft  is  carried  in,  and  extends  between  the  cheeks 
of  the  engine,  carrying  on  it  two  levers  for  working  the  valve  motions, 
and  a  handing  bar  for  regulating  the  engine,  the  link  gear  giving  easy 
control,  whilst,  at  the  sAme  point,  are  also  conveniently  placed  the  foot 
break  and  steam  valve  levers.  Steam  is  admitted  by  a  steam  valve  at 
each  casing,  connected  by  a  rod  extending  between  the  casings  so  as  to 
make  their  action  simultaneous. 

To  insure  the  certainty  of  continuous  adhesion,  the  brasses  of  the  crank 
shaft  next  the  pinion  are  set  in  a  guide  pillow  block,  somewhat  similar 
to  a  railway-carriage  or  locomotive  axle  box ;  so  that  the  brasses  are  at 
liberty  to  slide  down  free  of  any  obstruction  except  the  wheel.  No  per- 
ceptible wear  takes  place  in  the  wedge-surface  frictional  wheels,  so  that 
the  position  of  the  gearing  will  not  change;  but  this  arrangement  of 
pillow  block  is  adopted  to  insure  the  continuance  of  the  adhesion,  and  as 
the  journal  is  both  secured  by  a  cover  and  free  to  gravitate  to  the  wheel 
by  its  own  weight,  the  contact  can  never  &iL 

Supposing  the  joint  effect  of  the  coupled  engines  to  be  equal  to  24 
horses  power  when  working  at  85  revolutions  of  the  crank  shaft  per 
minute,  and  that  the  pinion  on  the  crank  shaft  is  2^  feet  in  diameter,  the 
wheel  7  feet  in  diameter,  and  the  pirn  3^  feet  in  diameter,  then  the 
circumferential  motion  of  the  pinion  will  be  667  feet  per  minute, 
requiring  a  pressure  of  7  cwt.  to  give  sufficient  adhesion  for  that  motion 
and  for  the  power  transmitted.  As  the  adhesion  is  one  and  a  half  times 
the  pressure,  the  force  transmitted  to  the  wheel  at  its  periphery  is  equal 
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to  10^  cwt.,  which  is  the  standard  dynamical  effect  of  the  engine.  The 
pirn  being  one-half  the  diameter  of  the  wheel,  and  the  motion  being 
reduced  to  the  same  extent,  the  effect  or  pull  at  the  rope  is  equal  to  21 
cwt.  The  pressure  exerted,  however,  actually  in  this  case,  on  the  wedge 
sur&ces,  bj  the  weight  of  the  end  of  the  crank  shaft  with  the  pinion  and 
small  fly  wheel,  is  equal  to  28  cwt,  which  is  four  times  more  than  is 
required  for  the  power  of  the  engine,  and  it  will  take  a  lift  of  4  tons  5  cwt. 
before  the  wheels  will  slip.  There  is,  therefore,  provision  for  certain 
action  considerably  beyond  the  power  of  the  engines  under  all  circum- 
stances. Yet,  should  the  cage  get  jammed  in  the  guides,  or  should  it 
overwind,  or  should  any  other  disturbing  cause  occur  whilst  the  engine 
is  in  fiill  motion,  the  wheels  will  rather  slip  than  allow  the  momentum  of 
the  engine  to  break  the  rope,  and  so  bring  the  engine  to  rest  gradually. 
There  is,  at  the  same  time,  no  joltixig  action  with  these  wheels,  like  that 
experienced  with  toothed  gear,  and  fracture  is  scarcely  possible. 

A  contrivance  to  prevent  overwinding  is  also  connected  with  this 
engine,  and  consists  of  a  shaft  parallel  to  the  winding  shaft,  extending  the 
entire  length  of  the  engine  and  pirn  shafts,  and  passing  through  and 
resdng  in  the  checks  and  outer  end  pirn  soleplate.  It  has  keyed  on  it 
arms  or  cams  which  extend  under  the  pirns,  and  are  set  to  the  exact 
height  which  the  rope  winds  when  the  cage  is  at  the  mouth  of  the  shaft. 
The  ropes  have  on  the  back  of  them  a  piece  of  rope  about  an  inch  thick ; 
and  when  the  rope  begins  to  wind  beyond  the  proper  height,  it  is  bmlt  upon 
the  pirns  higher  than  usual,  and  draws  in  the  thickened  piece,  pressing  down 
the  cams  on  the  cross  shaft.  Opposite  the  steam  valve,  and  opposite  the 
break,  there  are  arms  or  levers  keyed,  which,  on  either  of  the  pirn  cams 
being  pressed  down,  simultaneously  shut  off  the  steam,  and  press  up  the 
break  so  as  to  stop  the  engine  suddenly,  and  prevent  the  cages  from 
reaching  the  pithead  pulleys. 


Mr.  RoBBRisoN  mentioned  that  aboat  thirty  hoists  had  been  made  altogether  of  one  or 
other  of  the  kinds  represented  in  the  drawings  exhibited.  One  of  the  pit-winding  engines 
was  being  executed,  bnt  it  was  not  as  yet  at  work.  Some  of  the  hoists  made,  perhaps  half 
of  them,  had  been  fifteen  months  in  use.  Eight  steam  winches  of  the  kind  represented  in 
figs.  1  and  2,  Phite  IX.,  had  been  made.  The  firictional  wedge-surface  gearing  had  been 
introduced  in  Lancashire  to  a  greater  extent  than  in  the  Glasgow  district. 

In  reply  to  an  inquiry  by  the  President,  Mr.  Robertson  said,  that  the  adhesion  of  the 
suifsce  was  found  to  be  about  one  and  a  half  times  the  pressure  holding  the  wheels  together. 
The  angle  of  40^  was  adopted  in  the  grooves  in  ordinary  cases.  For  a  tf  ow  motion,  and 
to  transmit  a  great  strahi,  an  acuter  angle,  such  as  one  of  80%  might  be  used.  The  grooves 
had  at  first  been  made  with  an  angle  of  50^ ;  but,  so  far,  the  angle  of  40*"  had  been  found 
the  best  in  practioe. 
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In  reply  to  inquiries  from  rarious  gentlemen,  Mr.  Kobkbtsox  stated,  that  the  UrgeA 
Mze  of  wheel  yet  made  on  the  wedge-surface  system  was  13^  feet  in  diameter;  and  24  hones 
power  was  the  greatest  that  the  wheels  had  yet  been  made  for.  He  would  be  glad  to 
make  heavier  and  larger  machinery  on  his  system  if  he  could  get  orders  for  thetsL,  for  he 
found  that  the  larger  the  apparatus  the  better  was  the  action.  They  had  now,  alter  con- 
siderable labour  and  experience,  arrived  at  a  proper  way  of  oonstmcting  the  gearing;  and 
could  confidently  state  that  the  gearing  would  run  for  yean  without  being  worn.  Some 
wheels  had  been  running  for  six,  nine,  and  even  nineteen  months,  and  the  marks  of  the 
turning  tool  were  still  perceptible  in  the  grooves.  Usually  the  grooves  were  tamed  with 
half-inch  pitch.  At  fint  a  great  deal  of  trouble  was  experienced  with  minor  details.  The 
speed  rings  had  not  been  found  to  answer  where  driven  by  a  long  "  swaggering**  belt,  bat 
with  a  short  belt  they  acted  quite  well. 

In  reply  to  inquiries  from  Mr.  Napier,  Mr.  Robbbtsom  stated  that  the  frictional  gearing 
had  been  applied  to  a  screw  propeller  in  one  instance — namely,  in  a  boat  built  by  Messrs. 
TuUoch  &  Deimy  of  Dumbarton.  Several  trial  trips  had  taken  place,  and  the  wheels  had 
answered  every  expectation ;  the  boat,  however,  was  a  yacht,  and  being  completed  late  last 
autumn,  was  laid  up  during  the  winter.  One  of  the  most  important  applications  of  the 
system  was  that  to  screw  propellers.  There  could  not  be  a  doubt  that  H  was  the  best  thing 
for  geared  screw-propeller  engines.  In  the  case  refisned  to,  the  pinion  was  fitted  with 
three  feathen  upon  the  propeller  shaft,  in  a  pretty  U^t  manner,  but  so  that  the  thnuA 
sustained  by  the  shaft  would  not  affect  the  pinion.  Sufficient  pressure  was  obtained 
between  the  pinion  and  driving  wheel,  by  means  of  springs  applied  to  the  bearings  of  the 
shafts.  The  wedge-surface  system  had  been  applied,  in  one  instance,  In  the  construction  of 
a  ship^s  windlass.  In  this  case  a  peculiar  arrangement  was  adopted:  a  wedge-snz&ce 
chock,  fitted  with  a  long  lever,  was  applied  between  concentric  external  and  internal  wedge- 
surfaces,  in  such  a  way  that  on  lifting  the  lever  the  chock  slipped  round,  but  took  a  firmer 
hold,  and  turned  the  windlass  on  the  lever  being  brought  down. 

In  reply  to  an  inquiry  from  Mr.  More,  Mr.  Robbbtson  said  be  had  made  careful  experi- 
ments to  ascertain  the  friction  on  tlio  brasses,  having  tested  it  by  means  of  weights.  He 
had  found  that  the  surfaces  would  transmit  a  strain  equal  to  one  and  a  half  times  fbe 
pressure  on  the  shafts,  without  the  slightest  chance  of  slipping.  The  cleaner  the  surfaces 
were,  the  better  they  held ;  the  actual  adhesion  seemed,  in  practice,  to  be  greater  than 
what  might  be  expected  from  Morin's  well-known  experiments  on  friction,  and  it  had  been 
suggested  that  a  kind  of  metallic  cohesion  came  into  play. 

In  reply  to  an  inquiry  firom  the  President  as  to  the  effect  of  grease  or  water  upon  the 
surfaces,  Mr.  Robbrtsok  said,  that  with  small  sizes  the  surfaces  must  be  carefiilly  kept 
free  fh>m  grease,  but  with  large  sizes  it  was  not  so  important.  He  had  had  complaints  as 
to  the  working  of  some  wheels,  and  on  inquiry  found  that  oil  had  been  poured  on  them. 
On  the  surfaces  being  freed  from  the  oil,  the  wheels  worked  perfectly  welL  When  the 
wheels  were  upwards  of  two  feet  in  diameter  grease  did  not  afiect  the  working  so  much.  He 
had  not  found  water  to  make  any  difference;  it  might  increase  the  adhesion,  but,  so  far  as 
ascertained,  it  did  not  diminish  it. 

The  Pbbsident  remarked  that  water  would  be  likely  to  increase  the  adhesion,  as  it  was 
known  to  increase  the  friction  of  metals. 

Mr.  Walteb  Nelson  said,  Mr.  Robertson  had  introduced  a  very  great  improvement  in 
wheel  gearing,  and  one  that  would  create  a  revolution  in  the  construction  of  a  great  many 
machines  in  which  wheels  constituted  an  important  part  The  paper,  and  the  practical 
information  fumbhed  by  Mr.  Robertson,  In  reply  to  the  numeh>us  inquiries  which  had 
been  made,  showed  that  he  had  devoted  to  the  subject  an  astonishing  amount  of  time  and 
persevering  labour.     The  value  of  the  paper  was  also  enhanced  by  the  carefully-executed 
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QlostnUiTe  dmrings  by  which  it  waa  accompanied,  and  ha  waa  aura  Mr.  Robertaon  waa 
entitled  to  the  best  thanks  of  the  meeting. 

The  President  said,  Mr.  Robertson  seemed  to  have  solved  the  problem  of  making 
frictional  gearing  woik  in  an  efficient  manner.  Frictional  gearings  as  hitherto  made  with 
smooth  smftces,  had  always  fiuled  firom  the  slipping  of  the  wheels;  but  Mr.  Robertson  had 
devised  such  a  form  of  sorfaoe  as  woold  give  soiBcient  adhesion.  The  new  gearing  had 
come  into  very  extensive  use,  considering  the  short  time  since  it  was  first  introduced. 
Many  present  woold  probably  remember  that  the  sulrject  was  bronght  forward  at  the  meet- 
ing of  the  Institution  of  Mechanical  Engineers,  which  took  place  in  Glasgow  about 
eighteen  months  ago ;  considerable  advance  had  been  made  since  that  time,  as  was  shown 
by  the  £freat  variety  of  additional  applications  brought  before  the  present  meeting.  It 
would  be  very  desirable  to  see  how  the  system  answered  when  applied  on  a  large  scale.  It 
would  soon  be  known  how  it  answered  for  the  screw  propeller,  and  if  it  succeeded,  that 
would  prove  a  most  useful  application.  The  President  said  he  had  much  pleasure  in 
seconding  the  vote  of  thanks  to  Mr.  Robertson,  and  it  was  unanimously  passed. 


The  following  paper  was  then  read : — 
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Detcriptkm  of  the  Oreat-West-of-Sootland-Fishery  Company' 8  Sieamer, 
**  Islesman."    By  Mr.  J.  R.  Napieb. 

This  vessel  was  designed  for  carryiDg  live  fish  firom  distant  fishing  stations 
to  market,  and  as  speed  was  not  very  important,  if  the  fish  could  be  kept 
alive  and  in  healthy  condition  for  about  a  week's  voyage,  it  was  not 
thought  necessary  to  aim  at  a  greater  rate  than  eight  nautical  miles  per 
hour.  This  speed  has  been  attained  in  the  Islesman^  whose  dimensions 
are— length  on  the  water  line,  105  ft ;  breadth,  20  ft. ;  and  depth,  12^  ft. 
Shortness  was  considered  to  be  a  good  quality  for  manceuvering  in  the 
narrow  creeks,  where  it  was  possible  many  of  the  Company's  best  stations 
might  be,  and  breadth  is,  imdoubtedly,  a  good  quality  where  the  wind  is 
frequently  to  be  taken  advantage  of  as  a  propelling  power.  With  this  in 
view,  two  masts  were  provided — ^not  for  appearance,  but  for  use — with 
three  fore  and  aft  sails,  it  being  considered  that  as  these  sails  were  so 
easily  worked  with  few  men  they  would  be  more  fi*equently  set,  and  do 
more  duty  than  any  other  kind.  The  Company  have  lately  altered  the  rig, 
thinking  it  necessary  to  do  so  in  order  to  deliver  their  cargoes  above  the 
Glasgow  bridge.  Still,  however,  the  original  rig  has  the  most  advantages. 
There  is  no  peculiarity  in  the  form  of  the  vessel  to  require  notice.  The 
arrangements,  however,  for  carrying  the  live  fish  are,  I  believe,  new. 
Though  I  am  not  sufficiently  acquainted  with  former  arrangements  of 
welled  smacks  to  describe  them  minutely,  I  believe  one  or  two  bulkheads 
divided  them  into  compartments,  and  small  holes  were  formed  in  the 
bottom  of  the  vessel  to  the  sea.  These  compartments  or  wells  were  con- 
stantly full  of  water,  and  the  circulation  of  the  water  for  the  preservation 
of  the  fish  depended  on  the  motion  of  the  vessel.  The  water  went  out  at  the 
small  holes  when  the  vessel  rose  out  of  a  wave,  and  a  fresh  supply  entered 
when  she  sank  into  a  wave.  In  calm  weather,  however,  when  there  was 
no  such  motion,  I  understand  the  fishes  firequently  died.  The  airange- 
ments  of  the  Islesman  were  specially  designed  to  prevent  the  death  of  the 
fishes  in  calm  water,  or  when  the  steamer  was  at  rest  in  a  port,  and  also 
to  get  the  full  use  of  the  vessel  when  there  might  be  no  live  fish  to  carry, 
but  plenty  of  dry  cargo. 

Fig.  1,  Plate  X.,  is  a  longitudinal  vertical  section  of  the  Islesman;  fig. 
2  is  a  transverse  vertical  section  through  the  engine-room ;  and  fig. 
8  is  a  transverse  vertical  section  through  one  of  the  fish  tanks  or  wells. 
The  vessel  is  divided  into  seven  water-tight  compartments — three  of 
these  are  the  tanks  for  the  live  fish — the  mode  of  construction  being 
seen  in  fig.  8.     At  the  fore  part  of  each  tank  a  sluice  opens  a  passage 
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to  the  sea,  the  orifice  of  which  has  a  cover  formed  with  small  holes 
to  preyent  the  ingress  of  molluscs,  &c.,  and  the  egress  of  the  con- 
fined fishes.  A  large  pipe  firom  the  bottom  of  each  tank,  and  connected 
to  a  centrifiigal  pump  in  the  engine-room,  completes  the  arrangement. 
The  wells  at  the  load-water  line  have  a  capacity  of  about  8000  cubic  feet, 
and  it  vras  considered  advisable  to  have  a  pump  of  sufficient  power  to 
discharge  this  volume  every  ten  minutes,  or  800  cubic  feet  per  minute. 
Professor  James  Thomson  of  Belfiut  was  applied  to,  and  gave  the  design 
of  a  pump,  which  has  fiilfilled  every  expectation.  This  pump  is  seen  in 
figs.  1  and  2,  Plate  X.,  and  is  shown  drawn  to  an  enlarged  scale  and  in 
vertical  section  in  figs.  1  and  2,  Plate  XI. ;  whilst  the  following  descrip- 
tion, which  Professor  Thomson  has  kindly  supplied,  exphuns  its  action : — 
Dbscbiftiok  of  Pbofbsbob  Thombok'b  Cemtrifugal  Pump. — ''In 
centrifugal  pumps,  when  doing  actual  work  in  raising  water  or  forcing  it 
against  a  pressure,  the  water  necessarily  has  a  considerable  tangential 
velocity  on  leaving  the  circumference  of  the  wheel  This  velocity  in 
wheels  in  which  the  vanes  or  blades  are  straight  and  radial,  is  the  same  as 
that  of  the  circumference  of  the  wheel ;  in  others,  in  which  the  vanes  are 
curved  backwards,  it  is  somewhat  less ;  but  in  all  cases  it  is  so  great  that 
the  water  on  leaving  the  wheel  carries  away,  in  its  energy  of  motion,  a 
large  and  important  part  of  the  work  applied  to  the  wheel  by  the  steam- 
engine  or  other  prime  mover.  This  energy  of  motion  in  centrifugal  pumps 
and  centrifugal  fiins,  as  ordinarily  constructed,  is  mainly  consumed  in 
friction,  and  eddies  in  the  discharge  pipe,  which  receives  the  water  or  air 
directly  firom  the  circumference  of  the  wheeL  In  the  improved  centri- 
fugal pump,  there  is  provided,  around  the  circumference  of  the  wheel,  an 
exterior  chamber,  in  which  the  water  continues  some  time  revolving  in 
consequence  of  the  rotatory  motion  it  has  on  leaving  the  wheel  This 
chamber  is  called  the  exterior  whirlpool  chamber,  and  is  ordinarily  about 
double  the  size  of  the  wheel  in  diameter.  The  water  revolving  in  this 
chamber  is  in  the  same  condition  as  water  revolving  in  the  whirlpool, 
which  I  have  called  the  Whirlpool  of  Equal  Energies,  ^r  Free  Mobility. 
In  this  whirlpool  (when  some  slightly  modifying  causes,  such  as  the  fluid 
fiiction,  are  neglected),  the  velocity  of  the  water  is  inversely  proportional 
to  its  distance  firom  the  centre,  and  the  sum  of  the  accumulated  work  or 
energy  of  motion  and  the  work  in  the  condition  of  water  pressure  of  two 
equal  masses  of  water  in  the  same  horizontal  plane  is  the  same,  so  that 
when  the  velocity  diminishes,  the  pressure  increases ;  the  energy  of  motion 
given  up  in  the  diminution  of  velocity  being  converted  into  water  pressure. 
It  is  by  this  conversion  of  energy  of  motion  into  water  pressure,  through 
the  medium  of  the  exterior  whirlpool,  that  a  decided  increase  in  the 
working  efficiency  of  the  centrifugal  pump  is  attained ;  the  work  contained 
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in  the  rapid  motion  of  the  water  leaving  the  wheel,  which  in  centrifugal 
pumps  as  ordinarily  constructed  is  wasted,  being  in  the  improved  pump 
usefuUj  employed  in  increasing  the  pumping  power  of  the  machine.  In 
connection  with  the  description  of  the  pump,  it  may  here  be  added,  that 
in  fixing  on  the  dimensions  of  the  pipes,  it  was  kept  in  view  not  to  make 
them  on  the  one  hand  too  large  or  too  heavy  for  the  convenience  of  tbe 
vessel,  nor  on  the  other  hand  too  small  for  conveying  with  sufficient 
freedom  the  large  quantities  of  water  proposed  to  be  pumped.*^ 

The  engines  are  horizontal,  having  cylinders  of  24  in.  diameter  and  3  ft. 
stroke,  with  a  peculiar  arrangement  for  working  expansively — the  inven- 
tion of  Mr.  Dowell,  at  present  in  the  employment  of  Messrs.  Robert  Napier 
&  Sons.  It  is  extremely  simple  and  complete ;  the  lead,  or  opening  of  the 
valve,  at  the  commencement  of  the  stroke,  is  constant,  or  nearly  so,  and 
the  amount  of  steam  admitted  when  the  piston  has  travelled  equal  dis- 
tances from  either  end  of  the  cylinder  is  nearly  equal,  whilst  the  amount  of 
expansion  can  be  varied  with  great  ease  by  merely  turning  a  screw.  Mr. 
Dowell  has  kindly  supplied  the  following  description : — 

Descbiption  of  Mb.  Dowell's  Geab  for  Obtainikg  Va&iable  Ex- 
pansion WITH  Equal  Distribution  of  the  Steam.— "In  this  arrange- 
ment, the  variable  expansion  is  obtained  by  operating  on  the  steam  slide 
valve  of  the  engine,  so  as  to  vary  the  travel,  the  lap,  and  in  this  case  the 
lead  also,  remaining  the  same  for  all  the  different  travels.  The  ordinary 
single  eccentric,  with  its  appendages  of  catches,  gab,  and  starting  bar,  is 
retained,  whilst  a  curved  lever  is  introduced,  and  the  usual  eccentric  rod 
reduced  to  a  length  of  about  2^  times  the  throw  of  the  eccentric,  its  end 
being  connected  to  the  lever.  The  curved  part  of  the  lever  is  constructed 
with  a  radius  equal  to  the  length  of  the  eccentric  rod,  and  is  famished 
with  the  means  of  traversing  the  eccentric  rod  pin  to  any  part  of  the  arc 
at  pleasure,  the  admission  being  increased  on  its  approaching  the  fulcrum, 
and  vice  vend.  This  is  effected  in  the  simplest  manner,  by  means  of  a 
screw  and  hand  wheel  attached  near  the  fulcrum  of  the  lever,  and  acting 
on  the  slide.  A  pointer  is  fastened  on  the  screwed  rod  to  indicate  the 
grades  of  expansion.  The  motion  is  transmitted  to  the  valve  by  attaching 
the  gab  rod  to  any  convenient  point  of  the  lever,  generally  about  the 
middle  of  the  arc. 

"  In  fig.  3,  Plate  XI,,  the  mechanism  is  shown  in  a  position  to  correspond 
with  the  crank  on  the  dead  point,  the  piston  being  about  to  conunence 
the  out  stroke.  The  valve  is  shown  with  the  opening  for  admitting  steam 
sufficiently  advanced  to  give  the  desired  lead.  The  arc  of  the  lever  is 
constructed,  as  already  mentioned,  with  a  radius  equal  to  the  length  of 
the  eccentric  rod,  and  in  its  present  position  the  centre  of  the  eccentric  is 
also  the  centre  of  the  arc.     It  will  be  plain,  therefore,  that  the  slide 
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attached  to  the  eccentric  rod  joint  can  pass  from  one  end  of  the  arc  to  the 
other  without  distorhing  the  lever  or  valye,  and  consequently  with  the 
lead  remaining  unchanged.  Suppose  now  the  crank  to  have  travelled  to 
the  other  dead  point  for  the  commencement  of  the  in-stroke,  it  will  have 
moved  through  exactly  a  semicircle,  and  will  therefore  be  diametrically 
opposite  to  its  former  position.  As  the  eccentric's  motion  is  similar  to  the 
crank's,  its  new  position  will  likewise  be  diametrically  opposite  to  its  first. 
Let  B  s^  be  these  two  positions.  On  the  line,  f  o,  drawn  from  the  centre 
of  shaft  perpendicular  to  the  diameter  passing  through  s  £',  place  the  ful- 
crum of  the  lever  at  such  a  distance  from  the  shaft  as  will  be  presently 
explained.  It  may,  however,  be  anywhere  on  the  line,  f  o,  as  far  as 
variable  expansion  is  concerned.  Suppose  it  placed,  for  the  present, 
at  F:  then  from  F,  as  a  centre,  describe  an  arc  of  a  circle,  passing 
through  the  points,  £,  e';  then  into  whatever  position  the  lever  moves,  the 
centre  of  its  arc  will  always  be  found  in  this  circle ;  and  on  the  arrival  of 
the  eccentric  at  e',  both  the  centres  will  be  found  exactly  at  the  same 
point,  so  that  the  eccentric  rod  can  slide  from  end  to  end  of  the  arc,  as  at 
£,  without  disturbing  the  lead. 

*'  It  was  stated  already  that  the  admissions  varied  as  the  travels.  This, 
however,  is  not  literally  correct,  for  the  lever  can  be  of  any  length, 
provided  the  fulcrum  be  on  the  line,  O  F,  and  if  infinitely  long,  the  travels 
would  be  equal  for  every  grade.  Correctly  then,  the  admissions  of  steam 
vary  as  the  angles,  which  lines  drawn  from  the  centres  of  the  eccentric 
pins  on  the  lever  to  the  centre,  o,  make  with  the  radius  lines  of  the  eccen- 
tric, when  in  the  position,  e,  or  js,\  These  angles  may  easily  be  found  by 
the  methods  usually  adopted  for  setting  the  valves  of  ordinary  engines 
with  a  single  eccentric. 

"  As  regards  the  equal  distribution  of  the  steam,  this  requirement  is 
accomplished  by  prolonging  the  lever  to  a  greater  length  along  o  F  than 
would  give  travels  proportional  to  the  admissions,  as  in  the  ordinary  link 
motion.  In  consequence  of  this  prolongation,  the  angle  of  the  eccentric 
for  the  in-stroke  is  increased  by  a  considerable  amount,  whilst  that  for  the 
OQt^stroke  is  diminished  by  about  the  same  amount.  This  variation  in  the 
angles  of  the  eccentric  is  followed  by  a  corresponding  modification  in  the 
angles  moved  through  by  the  crank  until  suppression  occurs,  amounting 
to  an  increase  of  twice  the  small  angle  for  the  in-stroke,  and  a  diminution 
of  twice  the  other  angle  for  the  out-stroke.  This  result  exactly  sidts  the 
angles  moved  through  by  the  crank  for  the  in  and  out  strokes,  the  former 
being  considerably  in  excess  of  the  latter  for  the  same  positions  of  piston. 
"  It  may  be  noticed  that  the  prolongation  of  the  lever  to  the  extent 
shown  in  the  diagram  has  no  equalizing  eflFect  on  the  admission  at  points 
in  the  lever  corresponding  to  admissions  of  three,  two,  and  one-tenth  of 


94 


2>eienf)(Mm  of  Steamer  '<  Isletnum.'* 


stroke,  the  fiiloram  being  nearly  at  right  angles  to  the  •centre  line  of 
motion  at  -^^ths  grade  These  grades  are  easily  managed  by  a  slight 
alteration  in  the  lead,  being  made  to  increase  from  -fifto-f^for  the  in- 
stroke,  and  to  diminish  from  i%  to  -j^  in  the  ontHitroke,  the  diange  of  lead 
to  effect  a  dose  enough  equality  being  i  inch  in  each  case. 

^<  This  change  is  accomplished  by  haying  the  centre  of  the  lerer  arc  in 
a  circle,  about  \  inch  fiurther  from  the  fulcrum  than  the  one  passing 
through  the  points,  x  s'.  Besides  equalizing  the  admission,  this  Tariation 
of  lead  is  useful  in  equalizing  the  openings  which  would  otherwise  be  less 
for  the  in  than  for  the  out  stroke  at  these  points. 

"The  accompanying  table  exhibits  the  distributions  and  leads  as  ar- 
ranged for  the  Ideaman^ihe  points  of  release  and  compresnon  being  also 
recorded : — 


PoliiUorSapiirM. 

don;  being  a 
mettiofboUiridM, 
In  toatlu  of  stroke. 

Dtetrilration;  glr- 
ing  the  distanoee 

trsTelled  by  pUton 
atsapp.fi>rboth 

LeMli. 

Beleese:  BMunnd 
from  end  of  stroke. 

ComprasrioB;  mm- 

sored  from  end  of 

stroke. 

In. 

'Out. 

In. 

Oat 

In. 

Ont. 

In. 

Oat. 

C 
6 
4 

Inches. 
21 

!3 

Inch 
32 
ISj 
16 

M. 

Inches. 

Inches. 

Inch 
8i 

4: 
5 

». 

Inches. 
H 

4 

^1 

Inehes. 

iMlMl. 

5} 

7 

8 
2 
1 

10 

5! 

11 

8; 

AftilL 

.f 

6 
10 

■ 

6 

ft 

11 

11 

11 

12* 

^'  The  length  of  the  connecting  rod  of  the  engine  in  this  case  was  four 
times  that  of  the  crank.  It  is  plain  that  the  shorter  the  connecting  rod 
is,  the  more  difficult  it  is  to  equalise  the  distribution,  as  it  requires  a 
greater  length  of  lever.  For  the  usual  proportions  of  connecting  rods  and 
cranks  in  marine  engines,  a  distance  from  centre  to  fulcrum  of  abont 
twice  the  length  of  the  eccentric  rod  will  be  found  to  give  distributions 
practically  correct.  In  the  Idanum  it  was  1*9  tunes,  but  it  woul4  have 
given  a  better  distribution  if  made  twice  the  length,  which,  however, 
could  not  be  conveniently  accomplished  in  the  arrangement  In  oscillating 
engines,  for  which  the  scheme  is  extremely  well  adapted,  and  in  other 
vertical  engines,  it  b  not  desirable  to  arrange  the  distributions  perfectly 
equal;  a  sufficient  excess  of  admission  is  usually  given  to  the  loweT  side  of 
the  piston,  to  cause  the  difference  of  mean  pressure  in  favour  of  the  lower 
side  to  be  exactly  equal  to  the  unbalanced  weight  of  the  piston,  rod,  &c. ; 
but  in  horizontal  engines,  and  more  especially  in  those  intended  for  high 
speeds,  there  is  nothing  conduces  more  to  their  perfect  action  than  having 
the  distributions  as  equal  as  possible." 
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The  engSne  is  connected  to  the  propeller  by  a  wheel  and  pinion,  so  as 
to  mtdtiply  its  revolutions.  As  regards  giving  the  propeller  the  same 
speed  as,  or  a  higher  speed  than,  that  of  the  engine,  I  am  aware  there  are 
great  differences  of  opinion,  but  as  I  believed  that  the  most  efficient 
vessels  were  those  with  short-pitched  propellers,  of  such  a  diameter  as  not 
to  chum  the  water,  from  the  upper  portion  being  too  near  the  surface, 
the  Company  were  adyised  to  adopt  the  wheel  and  pinion.  The  diameter 
of  the  propeller  is  6  feet,  and  the  pitch  6*5  feet ;  and  when  the  engine 
makes  70  revolutions  per  minute,  it  makes  172*3. 

The  windlass  may  be  noticed  as  a  revival  of  an  old  form,  and  I  am  sure 
it  will  be  admitted  by  those  conversant  with  the  patent  articles  usually 
suppEed  to  ships  for  raising  and  lowering  their  anchors,  that  a  mechanic 
might  turn  his  attention  to  the  subject  with  great  hope  of  making  a  more 
efficient  machine.  The  lalesman^s  is  submitted  as  simple  and  efficient  The 
chain  barrel  is  small,  and  the  wheel  large.  The  motion  regular.  The  space 
it  occupies  is  small,  and  by  means  of  the  friction  break  the  anchor  can  be 
lowered  at  any  velocity  the  captain  pleases.  There  is  a  paul  on  the  large 
wheel,  and  the  chain  stopper  is  a  flap  or  valve  on  the  inside  of  the  hawse 
pipe. 

I  have  already  mentioned  that  the  vessel  was  divided  into  seven  water- 
tight compartments,  and  supplied  with  a  pump  capable  of  discharging  at 
least  800  cubic  feet  of  water  per  minute.  Notwithstanding  the  great 
safety  of  such  arrangements,  the  Fishery  Company  were  obliged  to  have 
the  after  part  plated  over,  and  made  water-tight,  and  two  of  the  wells  or 
tanks  shut  up,  ere  the  surveyors  of  the  Board  of  Trade  would  grant  a 
license  to  carry  passengers. 


The  Pbesidkmt  observed  that  the  paper,  or  rather  the  combmation  of  papers  which  they 
had  jvst  heaid,  called  thdr  attention  to  aereral  matters  of  great  interest.  Mr.  Napier  had 
described  the  means  pronded  by  the  Great- WestFK>f-Scotland-Fisher7  Company,  for  canying 
fish  so  as  to  be  kept  alive  until  their  arrival  at  market ;  then  they  had  a  description  of 
PirofeeBor  James  Thomson's  excellent  pnmp,  which  had  proved  so  efficient ;  and  finally, 
Uiey  had  a  description  from  Ur.  Dowell,  of  his  simple  airangement  of  valve  gearing  adjust- 
able to  different  grades  of  expansion.  He  might  mention  that  he  had  seen  this  valve 
gearing  in  operation  at  Govan,  where  it  answered  well. 

Mr.  Stikldto  inquired  what,  if  any,  economy  in  fuel,  had  followed  the  use  of  the  new 
gearing? 

Mr.  Napieb  could  not  say  what  economy  had  been  obtained  in  this  case ;  but  if  any  was 
obtainable  by  "expansion,'*  this  arrangement  should  give  it,  as  with  it  the  valve  was 
actnated  as  was  required  by  the  advocates  of  *'  expansion.** 

Hie  Pbmidhwt  said  that,  in  the  new  arrangement,  the  steam  was  cut  off  more  accu- 
rately than  by  the  ordinary  link  motion;  it  had  not  the  defects  of  the  latter,  which  gave 


96  Ducr^ation  of  Steamer  '<  laleman."* 

infgaUr  amoimU  of  lead,  and  cnahimiing,  and  unequal  ■dnriMinna  on  opposite  ndea  of  the 
piston. 

Mr.  STiBUiro  said,  that  as  **caahioning*'  bad  been  mentioned,  and  as  manj  penons 
leoommended  it,  he  wished  to  state  that  he  nerer  knew  any  benefit  to  arise  fiom  it.  There 
oonld  not,  he  thought,  be  a  better  cushioning  than  that  of  the  crank,  which  caused  the 
motion  of  the  piston  to  be  reversed  in  a  beaatifalljr  gradual  way. 

At  this  stage  of  the  proceedings,  the  arrangement  and  action  of  the  valve  gearing  was 
ftirther  explained  by  Mr.  Napier  and  Mr.  Doweil,  in  answer  to  inquiries.    After  which, 

Mr.  W.  Nbilson,  recurring  to  the  question  of  cushioning,  remarked  that,  as  the  valve 
gearing  at  present  under  discussion  was  applied  to  a  condensing  engine,  there  would  be  no 
cushioning;  but  as  regarded  high  pressure  non-condensmg  engines,  it  was  a  question 
whether  advantage  might  not  be  derived  fhmi  a  little  cushioning. 

The  Presidbht  observed,  that  lir.  Napier^s  paper  comprehended  several  other  snlgects 
besides  the  valve  motion.  There  were  the  tanks  for  bringing  the  fish  alive  to  market,  the 
pump  for  emptying  the  tanks,  and  the  windlass.  The  paper  next  on  the  list  was  on 
steam,  and  it  would  be  well  to  postpone  further  remarks  on  that  subject  till  that  paper  w«s 
read.     He  would  be  glad  to  hear  any  remarks  on  the  other  subjects  referred  to. 

Mr.  Fbrousok  inquired  what  success  had  been  obtained  with  the  Isktmtm — had  more 
live  fish  been  brought  to  market  than  previously  ? 

Mr  Napibb  said,  that  the  Jdunum  had,  as  yet,  only  made  one  voyage,  and  it  was  early 
to  judge  of  the  enterprise. 

In  reply  to  a  question  whether  the  valve  motion  could  be  applied  to  locomotives,  Mr. 
DowBLL  said,  it  did  not  reverse.  It  was  very  suitable  for  stationary  and  oeciUating- 
cylinder  engines,  and  avoided  the  awkwardness  and  complexity  attending  the  applicatian  of 
separate  expansion  valves  to  such  engines. 

The  thanks  of  the  meeting  were  unanimously  passed  to  Mr.  Napier  lor  his  paper,  and  to 
Professor  Thomson  and  Mr.  Doweil  for  their  contributions  to  it. 


The  following  paper  was  then  read :- 
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On  employing  Steam  eocpansheh/.     By  Mr.  A.  Mobton. 

Referring  to  mj  first  paper  on  this  subject,*  I  shall  now  endeavour 
to  explain  the  apparatus  employed  when  experimenting  on  the  latent 
heat  contained  in  steam.   In  the  diagram  fig.  5,  Plate  VIII.,  the  apparatus 
is  represented  in  section  as  employed  when  the  steam  was  condensed  by 
being  mixed  with  cold  water  in  the  calorimeter.     The  boiler,  a,  is  made 
of  very  thin  copper,  and  is  covered  with  felt  to  prevent  radiation.     The 
calorimeter,  b,  is  made  of  tin  plate.    At  c  is  the  steam  pipe  for  conveying 
the  steam  from  the  boiler  to  the  calorimeter.  A  thermometer,  d,  indicates 
the  temperature  of  the  steam  in  the  boiler,  whilst  a  thermometer,  b,  indi- 
cates the  temperature  in  the  calorimeter.     A  smaU  cock,  f,  is  used  for 
adjusting  the  weight  of  water  in  the  calorimeter  when  placed  in  the 
balance.     In  performing  the  experiments,  the  boiler,  a,  was  correctly 
weighed,  when  empty,  in  a  spring  balance  ;  and  then  a  sufficient  quantity 
of  water  was  introduced,  and  the  whole  was  again  weighed.     The  gas 
fiame  was,  by  repeated  experiments,  so  adjusted  that  two  ounces  of  water 
were  evaporated  in  ten  minutes.     I  may  mention  that  a  gas  flame  is  a 
very  regular  fire  to  experiment  with.     The  calorimeter,  b,  was  then  filled 
with  water  at  about  its  maximum  density,  and  at  a  temperature  of  40^ 
Fahr.,  and  when  placed  in  the  balance  the  extra  quantity  of  water  was 
allowed  to  escape  by  the  cock,  f,  until  the  exact  weight  became  10  lbs. 
The  weight  of  the  calorimeter  itself,  when  empty,  was  always  balanced,  so 
that  10  lbs.  was  the  exact  quantity  of  water  introduced.     This  was  a 
constant  quantity  throughout  the  experiments.     I  at  times  varied  the 
temperature  of  the  water,  but  the  experiment  I  am  describing  was  per- 
formed with  water  at  40^  Fahr.     Although  the  temperature  of  the  room 
was  8^  Fahr.  above  the  temperature  of  the  calorimeter,  the  elapse  of  ten 
minutes  made  no  difference  on  the  mercurial  thermometer,  £,  perceptible 
by  the  naked  eye ;  but,  independently  of  this,  I  followed  Rumford*s  plan 
in  adjusting  the  temperature  of  the  calorimeter,  so  that  the  opposite 
differences  of  temperature  between  it  and  the  surrounding  air  at  the  com- 
mencement and  conclusion  of  the  experiments  were  equal ;  therefore  the 
error  on  this  point  was  almost  nothing.     The  flame  was  then  applied  to 
the  bottom  of  the  boiler,  a,  and  its  temperature  rose  to  the  boiling  point 
as  ascertained  by  the  thermometer,  d,  the  small  cock,  g,  being  open  to 
the  atmosphere.     The   quantity  of  water  carried  off  by  the  yapour  in 
raising  the  temperature  to  the  boiling  point  depends  upon  the  time 

*  At  page  68. 
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occupied,  if  it  has  free  access  into  the  air ;  but  this  item  was  so  veij  small 
in  my  experiments  that  I  need  not  give  it  a  figure.  The  boiler,  a,  being 
now  ready,  the  time  was  noted  correctly,  and  the  communication  opened 
between  the  boiler  and  the  calorimeter  by  turning  the  cock,  h.  At  the 
expiration  of  ten  minutes  the  communication  was  closed,  and  the  gas  flame 
withdrawn.  After  slightly  stirring  the  water  in  the  calorimeter  by  moving 
the  thermometer,  b,  the  increased  temperature  was  noted  and  found  to  be 
55^  Fahr.  The  calorimeter  was  then  weighed  to  ascertain  the  exact 
quantity  of  water  added  by  the  condensation  of  the  steam.  The  diminished 
quantity  of  water  in  the  boiler  served  as  a  check  upon  the  additional 
quantity  foimd  in  the  calorimeter,  which,  by  repeated  experiment,  was  ren- 
dered always  2  oz.  I  may  mention  that  the  time  occupied  in  weighing  the 
boiler  and  calorimeter  at  the  termination  of  the  experiment,  did  not  occupy 
above  30  seconds,  the  parts  being  rapidly  placed  on  a  spring  balance,  and 
the  weight,  when  empty,  being  a  noted  quantity.  The  weight  of  water 
in  the  calorimeter,  which  was  raised  15^  Fahr.,  was  exactly  80  times  the 
quantity  or  weight  of  steam  condensed ;  therefore  the  latent  heat  was 
readily  calculated  to  be  1040^  Fahr.  The  next  experiment  was  performed 
under  precisely  the  same  circumstances,  with  the  exception  that  the 
boiler  was  turned  half  round,  and  the  surface  condenser,  i,  inserted  in  the 
calorimeter.  At  the  expiration  of  ten  minutes,  the  water  in  the  calori- 
meter rose  only  18*5^  Fahr.,  which  gives  920^  Fahr.  as  the  latent  heat  By 
reducing  the  temperature  of  the  gas  flame,  the  greatest  result  I  ever 
obtained  with  this  condenser  was  960^.  I  next  diminished  the  size  of  my 
condenser,  in  other  respects  adhering  to  the  same  adjustment  as  in  the 
first  experiment.  I  then  found  that  I  could  diminish  the  sensible  heat  in 
the  calorimeter ;  and,  with  the  condenser  shown  in  fig.  5,  and  made  of 
very  thin  tinplate,  when  the  boiler  evaporated  two  ounces  of  watei  in  ten 
minutes,  the  latent  heat  was  reduced  to  ^%(f  Fahr.  I  may  mention  that 
on  slightly  agitating  the  water  in  the  calorimeter,  during  the  time  of  the 
experiments,  I  could  raise  the  temperature,  so  that  720^  Fahr.  became  the 
amount  of  latent  heat  made  sensible  in  the  calorimeter.  That  the  slight 
agitation  of  the  water  did  not  produce  the  extra  heat,  proved  I  by  attempt- 
ing to  increase  the  heat  by  rapid  motion ;  but  although  I  continued  stirring 
and  agitating  the  water  until  I  was  tired,  I  did  not  discover  l-8th  of  a 
degree  extra  heat  in  the  ten  pounds  of  water.  Now,  by  merely  moving  the 
thermometer  occasionally  during  the  time  of  an  experiment,  the  latent, 
heat  became  increased.  The  cause  of  this  increased  heat  in  the  calori- 
meter I  now  explain,  as  arising  from  the  extra  speed  of  condensation, 
from  the  hotter  water  in  contact  with  the  sur&ce  being  displaced  by  the 
slight  agitation,  so  that  the  surface  of  the  condenser  was  maintained  at  a 
lower  temperature.     I  don*t  mean  to  say  that  1040*'  Fahr.  is  the  greatest 
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possible  amount  of  latent  beat  made  sensible  by  rapid  condenaatioQ ;  but 
baring  made  hundreds  of  experiments,  I  assert  that  this  number  is  a  very 
near  approximation  when  the  steam  is  at  about  atmospheric  pressure,  and 
the  condensing  water  with  which  the  steam  is  mixed  at  about  40''  Fahr. 
HaTing  discovered  that  the  heat  made  sensible  in  other  bodies  depended 
nrholly  upon  the  time  in  which  the  motion  was  destroyed,  I  conceived  that 
steam  would  follow  the  same  law,  and  it  was  with  the  view  of  ascertaining 
this  that  I  experimented,  rather  than  to  define  the  quantity,  as  the  best 
experiments  ever  performed  with  this  subtle  agent  can  only  give  an 
approximation ;  but  I  have  now  no  hesitation  in  saying  that  steam  is  merely 
vrater  in  rapid  motion. 

The  most  elaborate  experiments  on  the  latent  heat  ever  performed  have 
been  at  the  expense  of  the  French  Government;  and  until  the  recent 
experiments  by  Regnault,  the  sum  of  the  sensible  and  latent  heat  was  sup- 
posed constant  at  all  pressures.  Agreeing  with  Watt,  Arago,  Dulong,  and 
many  others,  and  knowing  of  their  experiments  and  the  manner  in  which 
Begnault's  experiments  were  generally  received,  I  hesitated,  and  repeated 
my  experiments  before  venturing  to  write  anything  on  the  subject.  In 
all  Begnault*8  experiments  of  which  I  have  read,  I  find  from  drawings  of 
the  apparatus  he  employed,  that  he  adopted  a  large  sur^e  condenser, 
and  that  the  speed  of  condensation  was  nearly  the  same  in  all  his  experi- 
ments, except  that  the  higher  the  temperature  of  the  steam  when  admitted 
into  the  condenser,  the  greater  the  speed  of  condensation,  and  consequently 
«  the  greater  was  the  heat  made  sensible  in  the  calorimeter  irom  the  same 
weight  of  steam.  On  examining  the  experiments  which  he  has  tabulated  we 
find,  in  the  column  indicating  the  weight  of  water  condensed,  sometimes  a 
double  quantity,  and  one  would  at  first  imagine  that  the  steam  must  have 
been  condensed  at  a  proportionate  speed.  But,  suppose  one  particle  of 
steam  enters  the  condenser,  the  difierence  of  temperature  will,  in  a  very 
short  period  of  time,  cause  it  to  resume  the  form  of  water ;  whilst  if 
two  particles  of  steam  had  entered  the  condenser  instead  of  one,  it  would  be 
quite  possible  for  them  to  be  condensed  with  exactly  the  same  speed,  quite 
independently  of  each  other,  provided  the  condenser  was  sufiGiciently 
large,  as  it  appears  to  have  been  in  Regnault*s  experiments,  when  the 
weight  of  steam  condensed  in  the  time  is  considered.  An  increase  in  the 
difierence  of  temperature  between  the  condenser  and  the  entering  steam, 
is  the  only  means  of  increasing  the  speed  of  condensation  with  the  same 
apparatus.  I  believe  steam  can  be  condensed  with  the  same  tpeed,  inde- 
pendently of  quantity ;  and,  as  a  consequence,  the  generation  of  steam 
must  follow  the  same  law ;  hence,  if  the  difierence  of  temperature  between 
the  furnace  and  the  boiler  remains  the  same,  any  quantity  may  be  gene- 
rated in  a  certain  time,   the  speed  of  generation   remaining  constant. 
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Begnault  found,  that  as  the  temperature  and  pressure  of  steam  waa 
augmented,  the  greater  was  the  amount  of  heat  made  sensible.  From 
this  it  is  concluded  that  high  pressure  steam  contains  the  greatest  amount 
of  total  heat  The  heat  made  sensible,  I  find,  depends  upon  the  oonditiona 
of  the  experiment,  and  when  high  pressure  steam  is  condensed  without 
being  allowed  to  expand  (as  mentioned  in  my  first  paper),  the  heat  then 
made  sensible  in  the  calorimeter  is  not  any  greater  than  that  of  low  pressure 
steam  when  treated  in  the  same  manner.  I  also  mentioned  that  when  hi^ 
pressure  steam  expanded  firom  one  yessel  into  another,  it  suddenly  became 
superheated  steam.  Now,  unless  Begnault  had  followed  a  similar  course 
(that  is,  unless  he  prevented  the  steam  from  expanding  in  the  act  of  con- 
densing), a  greater  amount  of  heat  would  undoubtedly  become  sensible  in 
the  calorimeter.  I  have  experimented  on  the  latent  heat  contained  in 
'steam  for  some  years,  and  like  many  others,  could  not  satisfactorily 
account  for  the  different  results  obtained,  varying  from  940°  Fahr.  to  1070* 
Fahr.,  with  exactly  the  same  weight  of  steam  condensed ;  but,  on  con- 
sidering steam  to  act  like  other  bodies  in  motion,  I  followed  a  different 
track. 

It  \b  easy  throughout  numerous  experiments  to  generate  exactly  the 
same  weight  of  steam  in  the  same  time,  and  it  has  caused  much  astonish- 
ment that  the  total  heat  should  vary  so  much  in  different  experiments.  In 
fact,  of  all  the  experiments  made  public  no  two  agree ;  but  what  I  have 
already  mentioned  indicates  in  what  direction  we  may  look  for  a  solution 
of  the  difficulty.  It  is  now  my  opinion  that,  although  Begnault  paid  . 
every  attention  in  his  experiments,  he  was  unaware  of  the  influence  of 
time  in  them. 

We  are  all  aware  of  the  heat  made  sensible  at  the  crank  pin  and 
other  bearings  of  short-stroked  engines  when  running  at  a  high  speed. 
This  may,  to  a  certain  extent,  be  modified,  by  cushioning  a  certain 
portion  of  steam  at  the  termination  of  each  single  stroke  in  proportion  to 
the  weight  of  the  moving  parts,  and  the  time  in  which  the  reciprocating 
motion  is  destroyed.  Short-stroked  engines  should  run  with  a  less  mean 
velocity  of  piston,  because  the  motion  is  more  quickly  produced  and 
destroyed.  Three  or  more  times  the  strain  of  the  greatest  steam  pressure 
may  be  exerted  on  the  crank  pin  if  the  weight  of  the  moving  mass  is  too 
suddenly  brought  to  rest,  and  therefore  we  need  not  wonder  at  the  heat 
made  sensible  at  the  crank  pin.  If,  for  example,  a  pendulous  cylinder 
engine  is  so  proportioned  that  its  cylinder  is  suspended  at  exactly  the 
same  distance  from  the  centre  of  oscillation  as  a  second's  pendulum,  and 
if  this  engine  be  driven  at  double  the  velocity  of  a  second's  pendulum, 
viz.,  60  single  strokes  per  minute,  then  a  greater  power  will  be  absorbed 
in  giving  it  motion,  and  there  will,  consequently,  be  a  greater  motion 
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to  be  destroyed  at  the  termination  of  each  oecillation,  and  a  certain  heat 
will  be  made  sensible  in  the  bearings.  In  the  numerous  instances  in 
which  power  is  misapplied  in  a  similar  manner,  the  same  cause  will  satis- 
factorily account  for  the  heat  made  sensible  where  it  ought  not  to  be ;  and 
until  time  is  considered,  and  every  steam-engine  regulated  according  to 
its  construction  and  to  the  degree  of  expansion  adopted,  economy  cannot 
be  the  result.  Many  expansive  engines  would  have  proved  themselves 
very  economical  had  they  been  driven  at  the  proper  speed ;  but,  unfortu- 
nately, this  has  to  be  settled  when  the  engines  are  designed,  and  when  on 
starting  the  engines  their  speed  is  found  deficient,  they  are  then  forced 
at  the  expense  of  extra  consumption  of  fuel.  If  the  Cornish  pumping 
engines  were  forced  to  rxm  at  double  their  velocity,  where  would  the 
economy  stand?  Their  speed  is  diminished,  accordingly  as  a  greater 
degree  of  expansion  is  adopted,  the  boiler  pressure  remaining  the  same, 
that  is,  generally,  two  or  three  times  the  highest  pressure  required  in  the 
cylinder. 

I  have  some  remarks  to  make  upon  the  oscillations  produced  in  steam 
when  rapidly  expanded.  Many  consider  that  the  oscillatory  motion  pro- 
duced in  the  pencil  of  the  indicator  is  due  to  the  elasticity  of  the  spring 
and  to  the  action  of  its  own  momentum.  No  doubt  such  effects  can  arise 
from  the  elasticity  and  momentum  of  the  spring,  but  why  cannot  steam 
exhibit  a  similar  oscillatory  motion?  Steam  is  more  elastic  than  toy 
spring,  and  at  high  pressures,  or,  in  fact,  at  any  pressure,  is  not  void  of 
weight.  Josiah  Farkes  was  the  first  who  studied  this  phenomenon  in 
steam,  and  I  daresay  many  still  recollect  his  percussive  theory.  I  have 
made  experiments  on  indicators  loaded  with  weights,  and  many  similar  to 
Parkes',  and  I  am  confident  that  if  the  steam  in  a  steam-engine  cylinder  is 
expanded  at  a  greater  velocity  than  corresponds  to  the  heat  surrounding 
bodies  can  supply,  oscillations  will  be  produced  exactly  like  those  seen, 
felt,  and  heard,  when  a  jet  of  steam  issues  freely  into  the  atmosphere  as 
explained  in  my  previous  paper.  I  have  made  an  indicator  so  that  it 
would  not  oscillate  by  it«  momentum,  and  still  the  oscillatory  figure  was 
produced  by  the  pencil  when  the  velocity  of  the  piston  was  sufficiently 
increased. 

I  have,  in  these  papers,  endeavoured  to  show  that  time  is  required  foi 
the  generation,  expansion,  and  condensation  of  steam,  and  there  is  no 
practical  difficulty  in  giving  sufficient  time  to  accomplish  either  with 
economy.  I  have  before  suggested  the  use  of  two  condensers  for  each 
double-acting  engine,  so  arranged  that  one  ^would  receive  the  greatest 
volume  of  the  steam  before  the  completion  of  the  stroke,  and  the  other 
would  communicate  and  act  during  the  return  stroke,  alternately.  Still, 
I  see  no  difficulty,  in  many  instances,  in  having  the  steam  fully  expanded 
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long  before  the  termination  of  the  stroke  ;  a  greater  time  cotdd  then  be 
obtained  for  condensation,  by  opening  the  exhaust  slowly  before  the  G(nn> 
pletion  of  the  stroke,  the  momentum  of  the  moving  mass  being  snfficieat 
to  fulfil  or  complete  the  stroke.  Considering  gravity  as  the  result  of 
motion,  it  follows  as  a  probable  hypothesis,  that  bodies  descending  are 
acted  upon  differently  from  those  ascending  against  that  force ;  however, 
if  this  force  be  destroyed  by  artificial  means,  a  motion  is  the  result,  and 
any  body  having  this  motion  against  the  force  of  gravity  will,  in  a  certain 
time,  have  it  destroyed,  and  equilibrium  will  be  restored  vrithout  producing 
one  fraction  of  heat ;  but  if  the  motion  be  destroyed  in  a  less  period  of 
time,  then  a  proportionate  amount  of  heat  will  appear  as  the  result. 
Could  we  supply  a  force  acting  against  gravity  so  as  to  neutralize  its 
effects,  any  body  once  in  motion  would  continue  so  for  ever ;  but  so  long 
as  any  constant  force  in  one  direction  exists,  every  body  in  motion  on 
this  earth  will,  by  that  all-prevailing  force,  have  its  motion  destroyed 
and  equilibrium  restored.  When  motion  is  destroyed  by  other  means,  a 
certain  heat  becomes  sensible,  according  to  the  time  in  which  the  motion 
is  destroyed.  This  heat  would  have  constantly  increased  by  every  sudden 
destruction  of  motion,  had  we  been  deprived  of  an  atmosphere ;  but  the 
heat  is  absorbed  by  the  air  which,  in  consequence,  ascends,  causing  an 
equal  quantity  to  descend  and  occupy  its  place.  The  heat  which  the 
ascending  quantity  of  air  absorbs  is  required  by  that  portion  which 
descends,  consequently  equilibrium  is  restored  by  the  motion  of  the  air 
during  a  certain  time.  Heat  cannot  be  measured  quantitively,  as  if  it 
were  an  isolated  fluid  ;  but  motion  must  be  included,  and  we  can  form  no 
measure  of  motion  without  including  time. 

The  theory  which  I  now  advocate  is  based  upon  my  experiments ;  and 
if  I  am  correct,  a  low  temperature  with  slow  combustion  will  evaporate  a 
greater  quantity  of  water  per  pound  of  fuel  than  a  high  temperature, 
because  the  higher  the  temperature  of  the  furnace,  the  greater  is  the  speed 
of  generation.  The  motion  of  a  steam-engine  piston  may  be  accelerated, 
during  the  first  part  of  the  stroke,  in  such  a  way  that  the  expanding  steam 
cannot  follow  with  sufficient  rapidity  for  its  motion  to  be  utilized  before 
the  completion  of  the  stroke  (see  fig.  3);  but  if  the  steam  be  supplied  with 
heat  sufiicient  for  the  speed  of  expansion,  it  will  follow  the  piston  at  any 
velocity,  the  greater  heat  increasing  the  velocity  at  which  the  steam  can 
expand.  When  speed  is  required,  the  saturated  steam  may  be  supplied 
with  heat  whilst  expanding  or  on  its  way  to  the  cylinder  by  the  gases 
passing  from  the  furnace  to  the  chimney.  This  would  prove  economical 
in  engines  already  constructed,  because  the  portion  of  heat  which  the 
expanding  steam  requires  for  its  velocity  may  be  said  to  be  wholly  con- 
verted into  power  on  expansion,  as  the  steam  is  then  found  to  be  minus 
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that  additional  heat  at  the  termination  of  the  stroke.  Steam  may  be 
superheated  beyond  what  is  due  to  the  velocity  of  its  expansion  ;  and,  in 
that  case,  the  extra  heat  wonld  be  uselessly  thrown  into  the  condenser  at 
the  termination  of  the  stroke,  tmless  means  were  employed  to  recover  it 
I  have  already  mentioned  the  way  in  which  a  certain  portion  of  this  heat 
is  recovered  in  the  Cornish  pumping  engine ;  also  the  increase  of  pressure 
which  arises  when  superheated  steam  is  condensed  by  being  mixed  with 
saturated  steam.  My  opinion  at  present  is,  that  the  elasticity  of  the  steam 
thus  suddenly  mixed,  becomes  equal  to  that  of  saturated  steam  of  the  mean 
temperature  of  the  two. 

Future  experiments  may  determine  the  advantages  to  be  derived  irom 
this  system,  and  I  have  little  doubt  that  we  will  arrive  at  a  better  mode 
of  recovering  the  superheat  than  that  adopted  in  Cornwall.     Steam  when 
suddenly  expanded  extracts  heat  from  surrounding  bodies,  and  from  the 
experiments  which  I  have  adduced  as  proof  of  this  phenomenon,  it  would 
appear  to  demand  an  exact  equivalent  of  heat  for  the  increase  of  its  own 
motion.     I  mentioned  that  on  experimenting  with  a  jet  of  steam  issuing 
freely  into  the  atmosphere,  a  mercurial  thermometer  was  the  instrument 
used  in  determining  the  degree  of  heat  in  the  surrounding  air,  as  also  in 
the  jet  itself;  but  in  other  experiments  I  employed  a  quantity  or  mass  of 
wire   gauze  (similar  to  that  used  in   Stirling's  refrigerator),  which  I 
immersed  amongst  a  known  quantity  of  water  so  as  to  measure  the  quan- 
tity of  heat  contained  in  itself  af^er  the  experiment,  and  I  found  less  heat 
as  the  velocity  of  expansion  increased ;  the  higher  pressures  abstracting 
more  heat  from  the  wire  gauze  instead  of  increasing  its  heat,  as  one  would 
have  expected  from  the  descriptions  of  Ericsson's  caloric  engine.     These 
facts  first  led  me  to  consider  what  heat  would  be  abstracted  from  a  steam- 
engine  cylinder  when  high-pressure  steam  was  suddenly  exhausted ;  and 
on  experimenting  with  a  high-pressure  engine,  the  steam  being  suddenly 
exhausted  at  about  two  atmospheres'  pressure,  the  indicator  fell  about 
3  lbs.  per  inch,  and,  least  the  spring  of  the  indicator  should  assist,  I 
clamped  the  indicator  2  lbs.  below  the  atmospheric  line,  and  at  every 
exhaust  it  lowered  to  almost  the  same  point  as  when  free.     I  tried  oil  at 
the  grease  cocks,  and  found  a  partial  vacuum.   As  the  cause  of  this  partial 
vacuum,  I  assign  the  great  abstraction  of  heat  from  the  cylinder  by  the 
sudden  exhaust.     AJban,  in  his  work  on  the  high-pressure  engine,  attri- 
butes this  phenomenon  to  the  momentum  of  the  steam,  but  I  think  my 
experiments  on  the  abstraction  of  heat  by  sudden  expansion  show  that,  in 
all  cases,  a  slow  exhaust  will  be  economical.     I  am  aware  that  many 
engines,  with  their  present  arrangement  of  valves,  would  be  crippled  in 
speed  if  the  exhaust  was  in  any  way  throttled.     But  what  I  advocate  is 
economy,  and  there  are  many  existing  engines  wherein  the  steam  could 
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be  folly  expanded  long  before  the  termination  of  the  stroke,  the  moTing 
parts  having  sufficient  momentum  to  accomplish  the  stroke,  thereby 
admitting  of  a  slow  opening  of  the  exhaust. 


The  discussion  on  this  paper  was  deferred  until  after  the  reading  of  a 
paper  ^'  On  the  Expansion  of  Steam  in  Steam  Engines,"  by  Mr.  J.  G. 
Lawrie,  which,  from  the  lateness  of  the  hour,  was  postponed  to  the  fol- 
lowing meeting. 


On  Steam  ErpcmsioiK  1  ( Kl 


The  Seventh  MsBTiNa  of  the  Session  was  held  in  the  Philosophical 
Society's  Hall,  on  Wednesday,  31st  March,  1858,  the  Pbesident  in  the 
cbair. 


The  following  paper  was  read  : — 

On  the  Expansion  of  Steam  in  Steam  Engines,     By  Mr.  J.  G.  Lawrie. 

Bt  the  law  of  Boyle  and  Mariotte,  the  pressure  or  elasticity  of  saturated 
steam  is  proportional  to  its  density,  and  the  weight  being  given  is  inversely 
proportional  to  the  volume.  By  this  law,  the  pressure  of  saturated  steam 
of  a  given  weight  and  double  volume,  is  one-half;  of  a  quadruple  volume, 
one-fourth ;  and  so  on  in  the  same  ratio,  under  the  condition  that  the 

expression, .         ,  is  a  constant  quantity.     Upon  thb  law 

and  these  facts  engineers  have  constructed  the  hypothesis,  that  when 
steam  expands  to  twice  its  volume,  the  pressure  is  reduced  to  one-half ; 
when  it  expands  to  four  times  its  volume  the  pressure  is  one-fourth ;  to 
ten  times  its  volume  the  pressure  is  one-tenth,  or,  in  general  terms,  that 
the  pressure  is  inversely  proportional  to  the  volume  which  contains  the 
steam  when  expanded  or  compressed.  On  this  principle  the  diagram, 
fig.  4,  Plate  XI.,  is  constructed,  showing  that  a  volume  of  steam,  repre- 
sented by  ▲  B  c  D,  expanded  to  fill  A  b  e  f,  is  reduced  in  pressure  to  one- 
half;  that  if  it  be  expanded  to  fill  A  b  g  H  the  pressure  is  one-third ;  that 
if  it  be  expanded  to  fill  a  b  j  k  the  pressure  is  one-fourth,  and  so  on, 
reducing  the  pressure  to  one-tenth,  when  it  fills  the  whole  cylinder  A  B  L  m, 
which  represents  a  volume  ten  times  the  original  volume,  A  B  c  D. 

On  this  principle  the  action  of  steam  in  steam  engines  has  been  investi- 
gated. Engineers  and  writers  on  the  steam-engine  have  assumed  it  as  the 
foundation  of  all  their  calculations  concerning  the  quantity  of  steam  and 
water  employed  in  the  cylinders  and  condensers  of  engines.  On  an  analo- 
gous principle  Camot,  the  eminent  French  mathematician,  based  his 
dynamical  theory  of  heat,  and  his  exposition  of  the  development  of  power 
in  the  steam-engine  and  other  machines,  the  action  of  which  depends  on 
heat  On  Gamot's  principle,  steam,  in  being  expanded,  loses  no  heat 
and  gains  none  in  being  compressed. 

According  to  the  principle  deduced  by  engineers  from  the  law  of  Boyle 
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and  Mariotte,  if  the  steam  originally  employed  to  fill  the  space  a  b  c  !>, 
have  its  initial  pressure  doubled,  and  be  expanded  as  before  to  fill  the 
space  ▲  B  L  M,  the  power,  as  indicated  by  the  diagram,  will  be  considerably 
increased.  If  the  initial  pressure  be  quadrupled,  as  in  diagram  fig.  5,  and 
expanded  as  before,  the  power  is  further  increased ;  and  by  every  increase 
in  the  initial  pressure  of  the  steam  the  power  is  augmented  until,  if  the 
pressure  be  increased  to  an  amount  enormously  large,  say  infinitely 
increased,  the  power  is  also  enormously  large;  or,  if  the  pressure  be  infinite, 
the  power  derived  is  also  infinite. 

On  the  principle  which  leads  to  this  conclusion,  namely,  that  the 
power  or  mechanical  effect  which  can  be  derived  from  a  given  wdght 
of  steam,  or,  which  u  almost  the  same  thing,  from  a  given  amount  of  heat, 
can  be  increased  to  be  enormously  great,  by  using  steam  of  exceedingly 
high  pressure;  all  the  bookiT written  expressly  for  the  steam-engine  with- 
out, perhaps,  a  single  exception,  or  rather  with  no  other  exception  than  a 
paper  read  by  Professor  Rankine  before  the  Royal  Society  of  E^dinburgh, 
investigate  the  branch  of  the  subject  which  relates  to  the  operation  of  the 
steam. 

The  discoveries,  however,  of  recent  years — ^the  discovery  of  James  P. 
Jotde  of  Manchester,  proves  this  whole  system  to  be  completely  erroneous. 
It  proves  that  if  heat,  by  means  of  steam,  imparts  power  to  the  piston  of 
a  steam-engine,  it  cannot  also  remain  as  heat  in  the  steam,  or  in  the  water 
of  which  the  steam  is  composed.  It  proves  that,  for  every  horse  power 
imparted  to  the  piston,  there  is  removed  from  the  steam  and  utilized,  a 
quantity  of  heat  which  is  capable  of  heating  a  pound  weight  of  water  423* 
Fah.,  or  when  steam  is  used  in  the  engine  of  a  pressure  represented  by 
20  lbs.  per  square  inch  above  the  atmosphere ;  for  every  horse  power 
imparted  to  the  piston,  a  quantity  of  steam,  amounting  in  weight  to^  ^^  of 
a  lb.,  which  is  somewhat  greater  than  half  a  cubic  foot,  is  condensed. 
That,  with  steam  of  20  lbs.  pressure  for  every  10  horses  power  given  out  by 
the  engine,  5*2  cubic  feet  are  condensed ;  for  every  100  horses  power,  52 
cubic  feet  are  condensed ;  and  so  on,  reckoning  -f^  of  a  cubic  foot  for 
every  horse  power,  no  matter  how  great  or  how  small  that  power  may  be. 
That  this  condensation  does  not  arise  from  radiation  nor  from  a  loss  of 
heat,  but  from  the  fact  that  heat  cannot,  at  the  same  time,  give  power  to 
the  piston  of  a  steam-engine,  and  exist  as  heat  either  in  the  steam  or  in 
anything  else.  That  no  amount  of  clothing  put  on  the  cylinder  would 
prevent  this  condensation,  nor  would  a  steam-case  prevent  it,  although 
with  a  steam-case  applied,  the  greater  part  of  the  condensation,  or  gene- 
rally, the  whole  of  it  would  take  place,  not  in  the  interior  of  the  cylinder, 
but  in  the  interior  of  the  stcam-casc.    This  law  of  the  exact  convertibility 
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of  heat  and  power,  or  mecbanicai  effect,  completely  upsets  all  former 
calculations  of  the  dynamical  action  of  steam. 

IBy  the  light  of  Mr.  Joule's  discovery,  it  is  obvious  that  the  diagrams  in 
figs.  4  and  5,  do  not  represent  the  action  of  steam  in  the  steam-engine* 
As  the  steam  issues  from   the  boiler,  and  impels  the  piston  from  ▲  b 
to  G  D,  it  is  continually  being  condensed  in  the  cylinder,  and  by  the  time 
when  the  piston  reaches  c  i>,  at  which  point  the  steam  valve  is  shut,  the 
space,  A  B  c  D,  is  filled,  not  with  steam  alone,  but  is  partly  filled  with 
vrater,  the  result  of  the  condensation  equivalent  to  the  power  developed, 
and  the  remaining  space  only  is  filled  with  steam.     Again,  as  the  piston 
progresses  from  c  i>,  onward  to  L  M,  the  steam  is  momentarily  being 
condensed,  while  it  is  momentarily  impelling  the  piston  onward.     The 
condensation  takes  place,  as  already  stated,  at  a  certain  rate  for  every 
horse-power  developed,  but  at  a  rate  of  bulk  of  steam  which  gi*adually 
increases  as  the  pressure  becomes  less.     When  the  piston  is  travelling 
from  A  B  to  c  D,  the  communication  with  the  boiler  being  open,  the 
pressure  is  maintained,  although  condensation  takes  place  by  the  influx 
of  new  steam ;  but  when  the  piston  travels  from  c  i>  to  L  M,  no  addi> 
tional  steam  is  admitted,  and  as  the  condensation  which  takes  place 
reduces  the  pressure,  the  diagrams,  figs.  4  and  5,  do  not  truly  repre- 
sent the  pressure  of  the  steam  during  the  expansion.     In  figs.  6  and 
7,  diagrams  are   shown  representing  both  the  pressures,  as  in   figs.  4 
and  5,  and  also  the  reduction  which  takes  place  in  these  pressures  due  to 
the  condensation  of  the  steam  by  the  development  of  power.     In  these, 
figs.  6  and  7,  the  spaces  shaded  with  vertical  lines  show  the  pressures 
after  condensation,  and  the  spaces  shaded  with  horizontal  lines  show  the 
amount  of  condensation.     The  diagrams  are  divided  into  ten  parts,  and 
at  each  point  of  division  along  X  x,  is  stated  the  fraction  to  which,  by 
condensation,  the  pressure  is  reduced  below  the  amount  assigned  by  the 
mode  founded  upon  the  law  of  Boyle  and  Maiiotte,  which  is  noted  along 
the  curve ;  whilst  at  each  point  of  division  along  Y  y,  is  stated  the  rate  of 
condensation  for  every  10  horses  power  developed.     Thus,  in  fig.  6,  the 
rate  of  condensation  for  every  10  horses  power  varies  fr^m  5 '2  cubic  feet, 
at  the  beginning  of  the  diagram,  to  54  cubic  feet  at  the  end ;  and  in 
diagram  7  the  rate  of  condensation  varies  from  8*8  cubic  feet  to  92  cubic 
feet 

These  results  are  expressed  without  difficulty  in  the  exact  language  of 
algebraic  notation ;  but  to  do  so  is  inappropriate  in  a  paper  of  this 
character,  and  the  subject  has  already  been  investigated  analytically  in  an 
elaborate  and  philosophical  manner  by  those  whom  Mr.  Joule  calls  our 
illustrious  tovmsmen,  Professors  Rankine  and  Thomson. 
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These  eminent  authors  show  that  the  power  which  can  be  obtained 
from  a  given  weight  of  steam  is  not  infinite,  nor  even  enormously  large, 
as  would  be  the  case  if  the  hypothesis  formerly  assumed  irom  the  law 
of  volume  be  true;  but  that  it  is  limited  to  the  number  of  horses  power 
contained  in  the  heat,  of  which  the  steam  b  deprived,  reckoning  a  horse 
power  of  33,000  lbs.  1  foot  high,  equal  to  a  quantity  of  heat  which  would 
raise  the  temperature  of  1  lb.  of  water  42^  degrees.  They  show  that  the 
heat  of  which  the  steam  can  be  deprived  so  as  to  produce  power  cannot, 
or  rather,  has  not  in  any  case  much  exceeded  one-sLxth  of  the  whole  heat 
which  it  receives  from  the  fire.  They  show  further  that,  except  in  caaea 
in  which  expansion  has  been  largely  and  judiciously  employed,  this  limit 
of  power,  equivalent  to  about  one-sixth  of  the  whole  heat  received  from 
the  fire,  has  not  been  approached,  and  cannot  in  any  other  way  be 
approached. 

The  spaces  shaded  with  vertical  line^  in  the  diagrams  6  and  7,  show  the 
pressure  of  the  steam  at  the  several  parts  of  the  stroke,  on  the  supposition 
that  the  steam  receives  no  heat  from  and  gives  no  heat  to  the  material  of 
the  cylinder ;  but  in  every  working  engine  the  steam,  as  it  cools  down  in 
temperature  by  expansion,  receives  heat  from  the  cylinder,  which,  again, 
during  the  early  part  of  the  following  stroke,  receives  heat  from  the  steam. 
Thus,  when  the  cylinder  is  not  provided  with  a  steam-jacket,  the  twofold 
operation  takes  place  of  the  material  of  the  cylinder  receiving  heat  during 
the  early  part  of  the  stroke,  which  it  transfers  to  the  steam  during  the 
latter  part  of  the  stroke.  If,  in  this  twofold  operation,  the  cylinder 
delivers  up  to  the  steam,  with  sufiicient  rapidity,  during  the  latter  part  of 
the  stroke,  all  the  heat  which  it  received  during  the  early  part  of  the 
stroke,  no  loss  or  gain  is  occasioned  in  the  indicated  power  of  the  steam ; 
but  if  less  than  the  whole  heat  is  delivered  up,  a  loss  arises  to  the  extent 
of  the  difference ;  or  if  it  be  delivered  up  with  insufficient  rapidity,  which 
there  is  reason  to  believe  is  the  fact,  a  loss  is  occasioned  to  some  amount. 

The  principles  now  explained  afford  a  ready  solution  of  the  utility  of 
the  steam-jacket,  an  appendage  which,  though  it  has  always  been  found 
highly  useful  in  practice,  has  nearly,  with  the  same  uniformity,  been  pro- 
nounced useless  by  writers  on  the  steam-engine.  In  the  steam-cylinder 
water  is  produced  principally  from  three  causes : — 

1st.  By  being  carried  in  suspension  in  the  steam  from  the  boiler. 

2nd.  By  condensation  of  the  steam  in  the  development  of  power. 

8rd.  By  condensation  of  the  steam  in  heating  the  material  of  the 
cylinder  from  the  temperature  to  which  it  had  been  reduced  in  the  pre- 
vious stroke. 

Each  of  these  causes  produces  a  considerable  quantity  of  water,  which, 
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when  the  cjlinder  is  nnjacketed,  is  passed,  together  with  the  heat  it  con- 
tains, to  the  condenser,  while  in  a  jacketed  cylinder,  the  water  is  produced, 
not  in  the  cjlinder,  but  in  the  jacket,  and  being  passed,  not  to  the  con- 
denser, but  to  the  boiler,  is  economised.  Even  the  heat  contained  in  the 
water  due  to  the  first  of  the  above  causes  is  economised  when  a  steam* 
jacket  is  employed,  because,  during  the  expansion  part  of  the  stroke,  the 
water  carried  in  suspension  is  converted  into  steam. 

In  practice,  engines  are  constructed  to  work  expansively  in  two  ways. 
In  one,  two  cylinders  are  employed,  the  steam  from  the  boiler  entering  a 
small  cylinder,  where  it  is  partially  expanded,  and  passing  to  another  of 
larger  dimensions,  where  it  is  expanded  to  the  limit  intended.  In  the 
other  way,  one  cylinder  only  is  employed,  in  which  the  steam  is  admitted 
during  a  portion  of  the  stroke  and  expanded  during  the  remainder.  In 
the  engine  constructed  with  two  cylinders,  the  quantity  of  steam  used  per 
stroke  of  the  engine  is  measured  by  the  volume  of  the  second  or  large 
cylinder  added  to  the  amount  utilized  due  to  the  power  developed ;  and 
in  the  engine  constructed  with  one  steam  cylinder,  the  steam  used  per 
stroke  for  the  same  amount  of  expansion  is  the  volume  of  the  cylinder 
added  in  like  manner  to  the  amount  due  to  the  power  developed.  There- 
fore, on  comparing  the  modes  of  expanding  by  the  one  plan  and  by  the 
other,  the  comparison  falls  to  be  made  between  an  engine  having  two 
cylinders  and  an  engine  having  one  only,  in  which  engines  the  large 
cylinder  of  the  one  is  of  the  same  volume  as  the  single  cylinder  of  the 
other. 

So  &r  as  my  information  goes,  more  minute  and  accurate  experiments 
made  with  engines  having  only  one  cylinder  are  on  record  than  are  those 
made  with  engines  having  two  cylinders.  Indeed,  I  am  not  aware  of  any 
prominent  experiments  made  to  ascertain  the  consumption  of  fuel  of  engines 
having  two  cylinders  being  on  record.  In  Lancashire,  the  association 
formed  for  the  prevention  of  boiler  explosions  and  the  economy  of  steam, 
furnishes  periodically  a  mass  of  information  of  great  utiUty ;  but  although 
that  information  establishes  the  iisict,  that  a  high  rate  of  economy  is  obtained 
by  engines  constructed  in  either  way,  yet  as  the  consumption  of  fuel  by 
each  of  the  600  engines  on  the  list  of  the  association,  is  blended  with  the 
consumption  necessary  to  heat  buildings,  or  to  perform  other  operations, 
no  exact  information  is  obtained  from  the  reports,  neither  of  the  constmip- 
tion  of  any  individual  engine,  nor  of  any  relative  consumption  of  different 
engines,  sufficient  for  a  safe  comparison. 

The  best  engines  on  the  list  of  this  Association,  both  double  and  single 
cylinder  engines,  have  a  consumption  of  fuel  of  3'1  lbs.  per  indicated  horse 
power  of  33,000  lbs. ;  but  that  consumption,  including  what  is  due  to 
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other  operations  besides  that  of  the  engines,  fiirnishes  no  exact  information 
beyond  the  fact  that  the  consumption  of  the  engines  alone  must  be  smalL 

The  diagrams,  figs.  8  and  9,  were  made  bj  the  engines  called  Lion  and 
Lioness,  the  property  of  the  New  Biver  Water  Works,  London,  and 
constructed  at  Soho  by  Messrs.  James  Watt  &  Go.  With  these  engines 
most  accurate  experiments  have  been  made,  in  some  of  which  the  duty 
ranged  as  high  as  107,000,000  lbs.  1  foot  high  per  112  lbs.  of  coal ;  and 
in  one  extending  over  a  period  often  months,  the  duty  of  112  lbs.  of  coal 
was  in  excess  of  90,000,000  lbs.  1  foot  high,  being  a  result  equal  to 
2*46  lbs.  per  horse  power  of  38,000  lbs.  1  foot  high  over  and  aboTe  the 
resistance  due  to  the  working  of  the  engine.  In  contrasting  the  effect  of 
fuel  as  measured  in  the  steam-cylinder  from  the  diagram,  and  as  measured 
by  the  ultimate  e£^t  of  the  engine,  in  delivering  water  over  a  stand  pipe, 
for  example,  the  one  result  falls  to  be  reduced  by  the  resistances  of  the 
engine,  whilst  the  other  is  clear  of  all  deductions.  Hence  the  result  in 
the  instance  of  the  Lion  and  Lioness  engines,  which  was  measured  by 
the  delivery  of  water  over  a  stand  pipe,  is  a  consumption  of  fuel  per 
indicated  horse  power,  measured  in  'the  cylinder,  of  il%ii  X  2*46  lbs. 
=  1*845  lbs. 

I  am  not  acquainted  vdth  any  experiments  made  with  any  other  engine 
of  any  construction,  which  show  a  result  equal  to  this  of  the  Lion  and 
Lioness,  taking  into  account  the  duration  of  the  experiment* 


*  A  series  of  diagrams  were  exhibited  at  the  reading  of  this  paper,  which  were  made  by 
engines  having  an  expansion-valve  arranged  on  the  author's  plan,  and  capable  of  yrorking 
with  the  utmost  accuracy. 

These  diagrams  showed  the  action  of  the  steam  when  supplied  to  the  cylinder  during 
different  portions  of  the  stroke,  varying  by  an  inch  tsom  8^  inches  to  12  inches  in  a  stroke 
of  81  inches,  and  an  examination  of  them  discloses  the  exceedingly  remarkable  tadj  that  in 
those  diagrams  in  which  expansion  was  not  carried  far,  the  final  pressure  of  the  steam  was 
considerably  less  than  the  gaseous  laws  of  expansion  would  assign,  while  in  the  diagrsms 
in  which  expansion  was  carried  fiuthest,  the  final  pressure  was  considerably  greater  than  the 
gaseous  laws  would  assign.  In  the  several  diagrams,  the  final  pressure  was  marked  as  given 
by  a  measurement  of  the  diagrams,  and  also  the  pressure  assigned  by  the  gaseous  laws  of 
expansion.  In  these  pressures  a  regular  gradation  of  differences  exists,  and  this  remarkable 
fact  plainly  indicates  the  operation  of  an  important  influence,  exercised  partly  by  the  alter- 
nate heating  and  cooling  of  the  cylinder,  and  partly  by  the  water  suspended  mechanically 
in  the  steam.  This  influence  it  is  impossible  to  measure  with  precision,  in  any  calculations 
of  diagrams,  to  ascertain  the  consumption  of  steam  or  fuel  due  to  these  diagrams ;  and  On 
that  account,  chiefly,  I  am  of  opinion  that  diagrams  do  not,  in  any  instance,  supply  avaU- 
able  information  for  an  accurate  measurement  of  the  steam  used. 

In  the  calculation  of  the  quantity  of  steam  used  in  the  series  of  diagrams,  the  part  of  it 
which  was  condensed  in  the  development  of  the  power,  as  defined  by  Joule^s  law,  was  separated 
from  the  part  of  it  which  passed  to  the  condenser  in  the  form  of  steam ;  and  it  appears  that 
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But,  whether  the  results  obtained  with  the  Lhn  and  Lioness  be  sur- 
passed or  not  by  anj  other  engines  of  either  the  double  or  smgle-cylinder 
arrangement,  the  comparatiTe  excellence  of  the  two  arrangements  is  not 
by  that  single  fact  decided.  There  are  other  elements,  not  elicited  in 
the  experiments  with  these  engines,  that  fall  to  be  taken  into  account 
Against  the  single-cylinder  arrangement  it  has  been  contended  that,  as 
the  power  of  the  engine  becomes  large,  either  by  an  increased  diameter 
of  the  cylinder  or  by  an  increased  pressure  of  the  steam,  a  shock  is 
incurred  at  the  commencement  of  each  stroke  that  is  destructive  to  the 
smooth  working  of  the  engine ;  and  it  has  also  been  contended  that  the 
double-cylinder  arrangement,  by  dividing  the  power  between  two  cylin- 
ders, diminishes  the  gross  weight  of  the  machine  and  the  cost  of  construc- 
tion. The  first  of  these  objections  to  the  single-cylinder  arrangement  is 
by  no  means  a  new  one,  having  been  urged  in  the  history  of  the  steam- 
engine  against  each  increase  made  to  the  diameter  of  the  cylinder,  and 
each  increase  in  the  pressure  of  the  steam;  yet  locomotives,  having 
cylinders  of  a  diameter  increased  from  12  to  20  inches^  run  at  speeds 
increased  from  20  to  60  miles  an  hour,  without  shock  of  any  kind ;  and 
marine  engines,  with  cylinders  of  gradually  increased  diameter,  worked 
by  steam  of  gradually  increased  pressure,  move  without  halt  at  a  speed 
of  400  to  500  feet  per  minute.  In  the  steam-ship  Australasian,  recently 
built  by  Messrs.  J.  &  G,  Thomson  of  Glasgow,  the  engines,  which  have 
cylinders  96  inches  in  diameter,  turn  the  centre  with  the  utmost  smoothness, 
when  worked  with  steam  of  20  lbs.,  and  moving  at  400  feet  per  minute. 
The  cylinders  of  this  ship  being  96  inches  diameter,  and  the  steam  20  lbs., 
the  effect  is  the  same  as  that  of  cylinders  of  68  inches,  with  steam  of  55  lbs., 
or  as  that  of  cylinders  of  48  inches  with  steam  of  125  lbs.  The  criterion, 
therefore,  of  the  engines  of  the  Atistralasiany  is  a  sufficient  reply  to  the  ob- 
jection of  shock,  until  engines  of  greatly  increased  power  become  necessary. 

But  the  practice  of  all  engineers,  with  engines  of  moderate  dimensions, 
is  alone  sufficient  to  establish  the  fact,  independently  of  reference  to  such 
engines  as  those  of  the  Australasian,  that,  provided  the  engines  be  of  the 
requisite  strength,  without  which  no  machine  can  operate  satisfactorily, 
the  severity  of  the  shock  depends  not  on  the  weight  of  moving  mass,  nor 
on  the  pressure  of  the  steam,  nor  in  any  degree  upon  the  length  of  the 
stroke  of  the  engine,  but  upon  the  manner  in  which  the  steam  is  cushioned 
in  the  returning  stroke.    When  that  cushioning  is  adjusted  so  as  to  bring 

when  the  engine  was  working  with  steam  thionghont  the  stroke,  this  quantity  amounted  to 
about  5i  per  cent,  of  the  gross  quantity  used,  and  when  the  steam  was  cut  off  at  8}  inches 
fipom  the  commencement  of  the  stroke,  the  quantity  which  was  condensed  amounted  to  about 
14  per  cent  of  the  whole. 
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up  the  pressure  of  the  inclosed  steam  to  an  amount  approaching  that  of 
the  steam  in  the  boiler,  by  the  time  the  yalve  opens  for  the  admission  of 
fresh  steam,  no  shock  occurs,  nor  can  occur.  The  second  objection 
urged  against  the  single- cylinder  arrangement,  of  being  more  expensive 
and  heavier  than  the  double-cylinder  kind  is  not  so  capable  of  precise 
argument,  because,  after  any  comparison  that  could  be  made  of  the  weight 
and  cost,  the  question  would  still,  to  a  considerable  extent,  remain  a  matt«r 
of  opinion,  whether  the  weights  and  costs  were  calculated  of  the  correct 
amounts.  When  it  is  considered,  however,  that  for  the  same  amount  of 
expansion  the  large  cylinder  alone  of  the  double-cylinder  arrangement^  is 
equal  in  volume  to  the  single  cylinder  of  the  other  kind,  there  is  obviously 
a  considerable  margin  in  the  small  cylinder  and  appendages  of  the  double- 
cylinder  arrangement,  to  apply  in  the  additional  strength  necessary  for 
the  single  cylinder  of  the  other  kind.  Another  advantage  in  favour  of 
the  double  cylinder  has  been  urged  in  a  supposed  more  uniform  develop- 
ment of  power;  but,  although  that  advantage  does  exist  when  single 
engines  are  employed,  it  does  not  exist  when  two  engines  at  right  angles 
are  employed. 

Having  stated  the  chief  arguments  advanced  in  favour  of  combined 
cylinder  engines,  it  now  becomes  desirable  to  consider  what  has  been  or 
may  be  advanced  on  the  other  side : — 

1st,  It  is  contended  by  those  in  favour  of  single-cylinder  engines  that 
they  are  of  a  lighter  and  cheaper  construction. 

2nd,  That  they  have  smaller  surfaces  to  clothe  in  order  to  prevent 
radiation,  and  to  encase  in  a  steam-jacket. 

drd,  That  the  alternate  heating  and  cooling  of  the  cylinder,  which  takes 
place  more  or  less  when  steam  is  used  expansively,  exists  to  a  less  extent, 
and  is  spread  over  a  smaller  surface  in  the  single  than  in  the  double- 
cylinder  arrangement. 

4tb,  That  there  is  less  friction,  a  smaller  consumption  of  stores,  and 
that  considerably  less  attention  is  necessary  with  one  cylinder  than  with 
two. 

In  drawing  an  inference  from  these  arguments,  Mr.  Joule  comes  to 
our  aid,  by  informing  us  that  if  the  steam  in  the  different  arrangements 
is  passed  to  the  condenser  at  the  same  temperature,  no  difference  in  the 
indicated  power  derived  exists,  whether  the  expansion  has  taken  place  in 
one  or  in  twenty  cylinders  ;  and  therefore  the  minor,  or  rather  secondary 
elements  of  the  question  alone  remain  to  guide  the  engineer  to  a  selection. 

In  a  consideration  of  the  expansion  of  steam,  it  would  be  improper  to 
omit  a  notice  of  certain  statements  made  last  session  in  the  Institution  of 
Civil  Engineers  in  London.     It  was  stated  during  a  discussion  of  a  paper 
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by  Mr.  Armstrong,  **  On  High  Speed  Nayigation/'  that  a  record  of  the 
performances,  for  three  or  four  jears,  of  H.M.  paddle-wheel  steam-ship 
F*unfj  of  515  horses  power,  showed  that,  whilst  working  full  power,  50 
tons  of  coal  were  consumed  per  day  of  24  hours,  or  4*27  lbs.  per 
horse  power  per  hour.  When  working  at  the  first  grade  of  expansion, 
40  tons  of  coal  were  consumed  per  day,  or  4*65  lbs.  per  horse  power 
per  hour;  and  when  working  at  the  seventh  grade  of  expansion,  15 
tons  of  coal  were  consumed  per  day,  or  12 '8  lbs.  per  horse  power 
per  hour.  Similar  results  were  stated  to  have  occurred  in  the  Des- 
peraUj  Terrible^  and  other  vessels,  and  an  opinion  was  expressed  that 
in  marine  engines  the  attempts  hitherto  made  to  comply  with  the 
conditions  necessary  for  realising  the  benefits  to  be  derived  from  working 
expansively  had  not  been  attended  with  adequate  success.  The  loss  when 
working  expansively  was  believed  to  arise  in  a  great  measure  firom  the 
condensation,  by  means  of  the  extended  surfaces  through  which  the  steam 
passed^  as  only  indifferent  means  were  adopted  for  keeping  up  the  tempe- 
rature, and  in  that  way  there  must  necessarily  have  been  a  loss  of 
mechanical  effect. 

Without  knowing  the  details  of  the  experiments  referred  to  in  these 
statements,  it  is  impossible  to  account  satisfactorily  for  the  results  obtained, 
nor  to  say  whether  they  can  be  accounted  for  by  the  loss  alone  arising 
from  the  increased  radiation  of  the  extended  surfaces ;  but  no  one  who 
has  witnessed  the  effect  produced  on  judiciously-constructed  engines 
by  an  increase  in  the  steam  cover  of  a  valve,  or  who  has  travelled  in 
a  steamer  in  which  the  boilers  are  short  of  steam,  and  noticed  the 
result  of  putting  the  expansion  valve  in  action,  or  who  has  stood  on 
a  locomotive  engine  and  tried  the  effect  of  modifying  the  action  of  the 
valve  by  the  link  motion,  need  be  told  that  a  better  effect  is  not  derived 
from  steam  worked  expansively,  even  though  by  an  imperfect  manner 
of  applying  the  principle,  the  benefit  can  be  dissipated.  The  effects 
of  expansion  which  occur  in  the  instances  I  have  quoted  are  mani- 
fest ;  and  although  they  are  not  absolute  demonstrations  of  the  benefit  of 
expansion  alone,  in  consequence  of  the  steam  being  used  at  a  higher 
temperature  when  the  pressure  is  increased,  yet  they  furnish  the  data  of 
demonstrations  which  are  conclusive.  It  is  to  be  regretted  that  the  details 
of  the  experiments  made  in  these  Government  steamers  have  not  been 
published ;  because  while  they  remain  imexplained  and  not  understood, 
they  are  calculated  to  produce  an  impression  with  regard  to  the  use  of 
steam  which  is  injurious  to  the  progress  of  economy. 

Allied  to  the  subject  of  expanding  steam  is  the  problem  of  obtaining 
steam.     The  steam  upon  which  scientific  experiments  are  usually  made  is 


1 14  On  SUcun  Eaepanaion. 

raised  slowly,  and  contains  only  the  water  of  saturation,  which  is  in 
chemical  combination ;  but  the  steam  with  which  engines  are  worked  is 
raised  in  all  the  hurry  inseparable  from  the  small  evaporating  sur&oe  in  a 
boiler,  and  contains  considerable  quantities  of  water  in  mechanical  sus- 
pension, in  addition  to  that  in  chemical  combination.  This  water  contaiDS 
more  than  double  the  quantity  of  heat  which  the  same  bulk  of  20  lbs. 
steam  contains,  and  as  it  carries  nearly  the  whole  of  that  heat  to  the 
condenser,  it  causes  first  a  large  loss  of  heat,  and  also  a  further  loss  of 
power  by  burdening  the  condenser  and  air  pump. 

In  some  vessels  means  have  recently  been  employed  to  superheat  a  part 
of  the  steam  used,  and  a  most  satisfactory  economy  is  reported  to  have 
been  derived  in  every  instance.  There  is  no  reason  to  doubt  that  this 
economy  has  been  obtained.  By  converting  the  water  which  the  steam 
contains  into  steam,  an  improvement  must  unavoidably  be  derived,  and 
by  superheating  the  whole  mass,  so  as  that  it  will  continue  uncondensed 
or  unreduced  to  water,  when  its  temperature  is  lowered  duiing  expansion, 
a  further  and  considerable  advantage  will  also  be  derived. 

The  idea  of  superheating  steam  is  not  by  any  means  a  new  one,  but  its 
introduction  has  been  materially  retarded  by  a  desire  to  superheat  to  an 
extravagant  extent,  which  was  and  still  b  so  difficult  as  to  be  practically 
inconvenient. 

There  does  not  appear,  however,  any  difficulty  in  superheating  to  such 
an  extent  as  to  utilize  all  the  water  in  the  steam,  and  to  prevent 
condensation  during  expansion. 

The  greatest  improvement  of  which  the  steam-engine  is,  I  believe,  at 
present  susceptible,  is  a  judicious  use  of  moderately-superheated  steam  in 
combination  with  expansion  in  a  single-cylinder  engine.  In  the  marine 
engine  and  in  the  locomotive  these  desiderata  can  be  carried  out  with 
facility,  and  in  both  economy  of  ftiel  is  of  the  utmost  importance.* 

*  Formerly  the  water  produced  in  the  steam- cylinder  was  considered  dae  principally  to 
radiation,  and  to  some  considerable  but  undefined  change  in  the  specific  heat  of  the  steam 
during  expansion.  The  experiments  of  Begnanlt,  however,  informs  us  that  there  is  no 
change  in  the  specific  heat  of  the  steam,  of  any  moment,  in  considering  the  source  of  this 
water ;  while  the  experiments  of  Mr.  Joule  point  out  its  true  source.  But  it  is  remarkable 
that  both  Professors  Thomson  and  Rankine,  instead  of  eradicating  the  notion  of  a  change  in 
the  spedflc  heat  of  steam  during  expansion,  adopt  it  Professor  Thomson,  in  a  paper  read 
before  the  Boyal  Society  of  Edinburgh,  explains  that,  in  his  opinion,  the  quantity  of  heat 
necessary  to  evaporate  a  given  weight  of  water  is  not  constant,  but  may  be  infinitely  varied, 
and  lands  Professor  Bankine  for  his  discovery  of  "  negative  specific  heat." 

Specific  heat,  however,  is  essentially  a  relative  measurement  of  the  quantity  of  heat 
necessary  to  raise  the  temperature  of  the  substance  to  which  it  relates,  and  tm  it  would 
appear  to  be  impossible  that  it  can  ever  be  so  small  as  to  be  nothing,  it  cannot  possibly 
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The  following  discussion  took  place  on  Mr.  Lawrie^s  paper,  and  on  Mr. 
Morton's,  read  at  the  preceding  meeting : — 

The  PBEsn>E2rT  said,  that  amongst  the  aathon  mentioned  in  Mr.  Lawrie*8  paper  as 
having  oontrilmted  to  tlie  development  of  the  djmamical  theoiy  of  heat,  the  name  of  Pto- 
fesMyr  CSaosina  of  Zurich  had  been  omitted.  The  reaeaidwa  of  ProfeBsor  Olanrins  wen 
oontemponuieoat  with  those  made  in  this  coantry,  and  he  arrived  at  the  same  retoltSf  bat 
by  a  process  diflering  from  that  adopted  here.  In  fitust,  when  the  paper  was  being  read  in 
firitain,  in  wluch  he  (the  President)  showed  how  a  portion  of  the  steam  in  an  engine 
cylinder  most  condense  when  woric  was  obtained  from  its  expansion,  Professor  Glansius* 
paper  on  the  same  subject  was  being  published  in  Germany,  the  authors  being  at  the  time 
unaware  of  each  other's  proceedings.  It  was  right  that  Professor  Clausins  should  have  the 
share  of  credit  due  to  him.  On  the  subject  of  the  expansive  working  of  steam  he  would 
suggest,  as  a  point  for  consideration,  the  fkct,  that  the  friction  of  the  engine  affected  the 
limit  of  economy  in  expansive  engines.  In  an  enghie  working  without  friction  the  steam 
might  be  expanded  down  to  the  pressure  at  which  it  was  to  be  exhausted.  In  an  engine  in 
which  friction  was  to  be  overcome,  the  steam  should  only  be  expanded  down  to  a  pressure 
just  balancing  the  friction ;  if  it  was  expanded  to  a  lower  pressure  than  this,  power  would 
be  wasted  in  woridng  against  friction.  Probably  some  of  the  engineers  present  would  know 
of  facts  bearing  on  this  point.    (The  President  illustrated  his  meaning  by  a  diagram.) 

Mr.  J.  Bbowklbe,  referring  to  a  statement  in  Mr.  Lawrie*s  paper,  to  the  effect,  that  the 
steam  was  partially  condensed  when  working,  both  whilst  the  steam  continued  to  be 
admitted  into  the  cylinder  and  after  it  was  cut  off,  said  he  did  not  think  any  condensation 
took  place  in  consequence  of  the  conversion  of  heat  into  power  before  the  steam  was  cut  off. 
Ab  long  as  the  cylinder  was  in  communication  with  the  boiler,  the  steam  would  be  in  the 
same  condition  in  both ;  and  although  heat  was  converted  into  work,  it  did  not  follow  that 
the  steam  in  the  cylinder  must,  on  that  account,  partially  condense,  or  lose  any  portion  of 
its  heat  in  giving  motion  to  the  piston.  The  steam  in  the  cylinder  acted  simply  as  a 
medium  for  communicating  to  the  piston  force  which  the  fire  was  imparting  to  the  water 
in  the  boiler  in  the  form  of  heat.  In  generating  steam  under  pressure,  part  of  the  heat 
acted  as  mechanical  force  in  making  space  for  the  new  steam  amongst  that  already  gene- 
rated, and  when  the  boiler  communicated  with  the  cylinder  the  space  required,  or  a  part  of 
it,  was  obtained  by  the  movement  of  the  piston,  the  mechanical  force  being  communicated 
to  it  by  the  medium  of  the  steam  in  the  boiler,  steampipe,  and  cylinder. 

Mr.  W.  Txrr  inquired  if  any  of  the  members  present  had  ever  observed,  whether  the 
temperature  of  the  steam  in  a  steam-engine  boiler  was  difl^nt  when  the  engine  was  at 

become  negative,  or  less  than  nothing.  When  heat  is  evolved  by  the  compression  of  satu- 
rated vapours,  it  does  not  follow  that  there  is  any  change  of  specific  heat ;  and  although  in 
the  case  of  saturated  vapour  of  water  there  is  a  change  of  specific  heat  to  the  extent  ascer- 
tained by  Regnanlt,  yet  heat  cooled  is  not  due  to  that  change,  but  arises  f^m  the  quantity 
of  mechanical  effect  converted  into  heat.  It  would  appear  that  Dr.  Thomson*s  illustration 
of  the  quantity  of  heat  necessary  to  evaporate  a  quantity  of  water  being  infinitely  variable, 
is  not  complete,  if  it  excludes  the  power  or  mechanical  effect  involved  in  the  operation :  if 
this  mechanical  effect  be  introduced  as  an  element,  the  heat  ceases  to  be  variable,  and 
becomes  what  it  ought  to  be,  a  constant  quantity,  with  no  variation  but  that  pointed  out 
bj  Regnault. 
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rest  to  what  it  was  when  the  engine  wu  working  ?  It  was  well  known  that  oAm  when 
an  engine  had  been  standing,  as  during  the  meal  hooTf  there  was  an  excess  of  steam  imme- 
diately after  starting.  It  was  also  well  known  that  most  boiler  explosions  took  place 
immediately  after  the  starting  of  the  engine  which  had  previoiialy  been  standing  some 
time.  It  had  occurred  to  him  that  these  phenomena  might  arise  from  the  steam  getting 
partially  superheated.  When  the  engine  was  standing  the  damper  would  be  shut,  and  the 
flues  being,  perhaps,  as  high  as  the  surface  of  the  water  in  the  boQer,  heat  would  be  com- 
munica'ed  directly  to  the  steam,  and  so  superheat  it  On  the  engine  being  started  the 
withdrawal  of  steam  would  cause  the  water,  previously  quiet,  to  boil  up,  and  so  mixing 
with  the  superheated  steam  instantaneously  and  enonnously  increase  the  volume  of  steam. 
He  had  been  tiying  experiments  for  some  days  with  the  boiler  at  their  worics,  but  had  not 
found  any  difference  of  temperature  in  the  steam  when  the  engine  was  at  rest.  The  tem- 
perature was  always  tliat  due  to  the  pressure,  as  given  in  tlie  tables  in  woAs  on  the  subject 

The  Presideht  remarked  tliat  in  many  cases  there  was  an  extraordinaTy  difierence 
between  the  pressure  in  the  boiler  and  tliat  in  the  cylinder.  The  pressure  in  the  cylinder 
was  often  very  much  lower  than  that  in  the  boiler,  or,  at  any  rate,  than  that  on  the  safety 
valve.  This  was  most  noticeable  in  some  Cornish  pumping  engines,  and  it  might  be  owing 
to  the  fact  that  in  these  engines  tlie  steam  was  bottled  up  for  a  time  in  the  boiler,  and  only 
let  out  during  the  fraction  of  a  second.  There  was,  at  any  rate,  more  in  this  than  oould 
be  accounted  for  by  throttling  the  steam  on  its  way  to  the  cylinder.  Mr.  Taifs  experi- 
ments were  of  great  importance,  and  he  was  sure  the  Institution  would  be  g^ad  to  receive 
details  of  them. 

Mr.  Waltbr  Neilson  thought  that  Mr.  Tait's  experiments  bore  upon  something  more 
important  than  the  diminution  in  the  pressure  of  the  steam  when  transferred  ftom  the  boiler 
to  the  cylinder.  It  was  a  very  common  occurrence  to  find  the  pressure  rising  on  an  engine 
being  started,  at  a  time  indeed  when  one  would  naturally  expect  more  or  less  diminution  in 
the  pressure,  on  account  of  the  cylinder  beginning  to  use  large  quantities  of  steam.  He 
would  very  gladly  second  the  request  for  details  of  Mr.  Taif  s  experiments.  If  the  tem- 
perature of  the  steam  in  tlie  boiler  rose  when  the  engine  was  standing,  it  would  ^ve  a  due 
to  the  cause  of  most  boiler  explosions.  He  could  mention  that  in  the  case  of  the  exploebn 
of  a  locomotive  boiler,  into  which  he  liad  had  to  inquire,  the  pressure  increased  extraordi- 
narily immediately  before  the  explosion,  which  took  place  on  the  engine  starting,  after 
standing  a  short  time.  It  was  easy  to  conceive  that  if  the  water  was  low,  the  plates  with 
which  the  steam  was  in  contact  would  become  heated  beyond  a  proper  amount,  and  that 
the  steam  would  become  superheated  from  them ;  at  the  same  time  the  water  would  be 
quiet,  the  steam  pressing  down  upon  it  with  increasing  force,  and  no  ebullition  taking 
place.  The  engine  then  being  started,  the  consequent  withdrawal  of  steam  would,  for  a 
moment,  reduce  the  pressure  and  permit  the  water  to  spring  up  in  a  state  of  violent  ebullition, 
whilst  the  watec  mixing  with  the  superheated  steam,  would  instantly  acquire  a  tremendous 
elastic  force  quite  sufficient  to  account  for  the  effects  usually  accompanying  a  boiler 
explosion. 

Mr.  D.  Mors  said  he  had  been  called  upon  to  report  on  several  boiler  explosions,  and 
could  state  that  they  had  almost  invariably  taken  place  immediately  after  the  engines  were 
started.  In  most  cases  there  was  plenty  of  water  in  the  boOers,  and  the  valves  and  every- 
thing else  about  the  boilers  appeared  to  have  been  in  perfect  working  order.  He  proposed 
that  a  committee  should  be  named  to  investigate  the  subject  during  the  recess.  He 
thought  Mr.  Tait  had  suggested  something  very  like  the  true  explanation  of  the  phenomena. 
When  the  engine  was  at  rest  and  the  valves  all  closed,  the  water  in  the  boiler  wss 
quiescent,  and  the  steam  bore  down  upon  it  and  restrained  the  ebullition ;  but  on  the  feed 
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pamp  throwing  in  a  jet  of  water,  motion  was  produced  in  the  water  in  the  boiler,  and  it 
immediatdy  went  into  a  state  of  violent  ebullition.  Some  of  the  members  prasent  would 
probably  remember  the  boiler  ezplosioii  at  Hamilton  &  Arthur's  works.  The  engine  was 
standing  from  6  to  7  p.k.,  the  water  was  at  its  proper  level,  and  before  starting  at  7  p.x.,  the 
preasare  was  obeeryed  to  be  S5  Ibe^  the  usual  thing.  Immediately  after  starting  the  boiler 
bnust)  doing  enormons  damage,  and  showing  that  there  was  some  far  greater  element  at 
woA  thaa  a  preasure  of  25  Ibe.  to  the  square  inch. 

llr.  Mackain  stated  that  he  had  obeenred  an  increased  pressure  on  starting  an  engine 
with  which  he  had  something  to  do  some  years  ago. 

The  PREBIDEVT  said  an  important  suggestion  had  been  made  by  Mr.  More  as  to  forming 
a  comunittee  to  investigate  the  causes  of  steam  boiler  explosions.  An  association  bad  been 
eatablished  at  Manchester,  and  was  now  in  active  operatiott,  Ibr  the  prevention  of  boikr 
explosions,  and  generally  for  collecting  foots  in  connection  with  steam-enginee  and  bdleis. 
Mr.  More*8  suggestion,  if  carried  out,  would  lead  to  the  establishment  of  a  similar  body 
here,  where  their  operations  would,  undoubtedly,  be  v«ry  usefuL  It  would  be  desirable  to 
oonaider  the  best  means  of  setting  on  foot  such  an  association.  The  Manchester  association 
gave  their  attention,  not  only  to  boiler  explosions  and  their  prevention,  but  also  to  the 
collection  and  publication  of  facts  bearing  on  the  economy,  of  fuel,  and  that  body  was 
proving  itself  of  great  utility. 
Mr.  More  proposed  that — 

"  The  Council  of  the  Institution  be  constituted  a  Committee  to  consider 
as  to  the  best  means  of  obtaining  for  Scotland  the  benefits  of  such  an 
Institution  as  the  Association  for  the  Prevention  of  Boiler  Explosions." 
Mr.  W.  JoHKSTOSS  seconded  Mr.  More*8  proposal,  which  was  adopted  unanimously. 
Mr.  James  Bbownlee  said  that,  in  some  cases,  water  was  heated  much  beyond  the 
boiling  point,  particularly  if  the  pressure  on  it  was  more  than  one  atmosphere.  In  one 
experiment  he  had  himself  heated  water  up  to  270°  Fah.  under  atmospheric  pressure.  If 
any  motion  was  imparted  to  the  water  in  this  condition,  it  immediately  exploded,  giving 
off  the  steam  corresponding  to  ite  extra  temperature,  and  its  temperature  fell  at  once  to  212^. 
If  a  little  oil  is  put  on  the  snrfoce  of  the  water,  or  if  its  surface  is  kept  quiet,  it  is  easily 
heated  to  a  higher  temperature  than  that  due  to  the  pressure  on  it. — In  answer  to  an 
inquiry,  Mr.  Brownlee  said,  that  in  the  experiment  referred  to  the  water  had  been  previously 
boiled  to  expel  the  air. 

The  Pbesidbstt  said  it  was  thought  that  the  presence  of  air  in  the  water  affected  its 
boiling.  If  distilled  water  is  boiled  in  a  glass  vessel,  it  boils  by  starts ;  its  temperature 
appears  to  vary  abruptly.  Chemists  are  well  aware  of  this  fact,  and  are  in  the  habit  of 
causing  the  water  to  boil  gentiy  by  placing  in  it  angular  pieces  of  metal,  silver  chains,  or 
wire.  The  bubbles  of  steam  form  on  the  surfaces  of  the  metal,  and  rise  in  continuous  streams 
from  salient  points  of  the  pieces  of  metal  or  wire. 

Mr.  Walter  Neiuson,  refening  to  the  indicator  diagram  (fig.  3,  Plate  YIII.)  accom- 
panying Mr.  Morton's  paper,  inquired  if  it  had  been  decided  whether  the  oscillations  shown 
were  due  to  the  indicating  instrument,  or  to  fluctuations  in  the  steam  pressure  in  the 
cylinder  ? 

Mr.  MoBTON  said  he  considered  the  oscillations  in  the  figure  to  be  caused  parUy  by  the 
indicator  spring  and  partly  by  the  steam.  He  had  fixed  the  indicator  at  the  lowest  point 
to  which  it  had  previously  descended,  and  the  steam  drove  it  still  lower.  The  oscillations 
were  less  in  cased  cylinders.  He  had  no  difficulty  in  conceiving  how  the  steam  must 
oscillate  or  fluctuate.     He  had  employed  various  indicators,  the  springs  of  which  acted 
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diflTereiitly,  and  he  had  stIU  found  an  osdllation  in  the  figure,  which  ooald  not  be  fully 
aoooD&ted  for  by  the  indicator  spring. 

The  PBBSiDSErr  laid  ha  ooncoired  with  Mr.  Morton^s  views  on  this  point.  H«  thoogfat 
Ids  experiments  proved  that  flnctnation  mnst  take  place  in  the  steam  pnssnre;  mid  lie  also 
thought  that,  on  the  whole,  this  was  what  mi^t  have  been  expected. 

Mr.  Tait  asked  if  Mr.  Morton  bad,  in  his  experiments,  observed  whether  the  gorenor 
had  made  any  sudden  changes  ?  The  oedllations  might  possibly  have  been  due  to  sodi 
changes.  He  had  often  seen  diagrams  showing  oscillations,  but  never  so  maxiDed  as  in  fig. 
8.  Or,  if  the  speed  was  very  great,  a  tremulous  movement  of  the  valves  and  piston  mighe 
arise  from  the  elasticity  of  the  engine,  and  so  cause  the  oscillations  in  the  figoreL 

In  reply  to  Mr.  Tait,  Mr.  Mosroir  said  no  governor  acted  on  the  engine  with  which  hb 
experiments  were  made.  The  steam  was  cut  oif  at  about  one-fourth  of  the  stroke,  whilst 
the  figure  showed  oscillations  throughout  the  entire  stroke.  As  the  speed  of  the  engine  was 
reduced,  the  oscillations  also  became  correspondingly  less.  When  the  diagram,  Ag,  3,  wat 
got,  the  average  speed  of  the  piston  was  850  feet  per  second. 

The  thanks  of  the  meeting  were  passed  to  Messrs.  Morton  and  Lawrie  for  their  papers. 


An  abstract  was  then  read  of  a  paper  containing — 

An  Account  of  aome  OriffmcU  ExperimenU  in  Screw  Propulsion  prior  to  the 
general  introduction  thereof.  By  Mr.  J.  Nicol,  and  communicated  bj 
Mr.  D.  Mackain. 
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Th£  Eighth  and  Last  Meetino  of  the  Session  was  held  in  the  Philoso- 
phical Society's  Hall,  on  Wednesday,  14th  April,  1858,  the  President 
in  the  chair. 

This   was  the  Annual  General  Meeting  for  the  Election  of  Office- 
Bearers  for  the  Second  Session,  1858-9. 


The  following  paper  was  read : — 

Notes  on  American  Locomotive  Engines,     By  Mr.  Walter  Neilson  (of 
Hyde  Park  Foundry). 

The  fact  that  this  country  first  gave  birih  to  the  railway  and  its  engine, 
and  brought  this  great  system  of  locomotion  to  its  present  state  of  perfec- 
tion, is  apt  to  make  us  regard  the  like  work  of  our  followers  with  too 
much  indifference.  No  doubt,  the  Americans  have  been  accustomed  to 
look  to  this  country  for  all  improTements  connected  with  railroads  and 
their  attendant  machines ;  but  when  we  look  at  the  United  States,  with 
their  21,440  miles  of  railroad  against  8054  miles  in  this  country,  we  may 
predict  that  the  time  is  not  far  distant  when  we  may  look  to  our  friends 
across  the  Atlantic  with  the  expectation  of  learning  something  from  them 
even  in  railway  engineering. 

In  the  American  locomotive  engine  as  at  present  constructed,  we  have 
a  gay,  jaunty-looking  vehicle — very  different  from  the  sombre  business- 
like machine  of  the  old  coimtry.  The  extraordinary  amount  of  bright 
brass  and  bright-painted  ornamentation  one  is  scarcely  prepared  for ;  yet 
the  care  with  which  all  this  gaudy  decoration  is  kept  clean,  gains  our 
admiration  of,  and  interest  in  the  machine,  the  effect  being  somewhat 
favoured  by  a  generally  clear  and  dry  climate. 

The  ordinary  form  of  locomotive  engine  used  all  over  the  States,  has 
driving  wheels  before  and  behind  the  fire-box,  coupled  together ;  the  fore 
part  of  the  engine  being  carried  on  a  swivel  four-wheeled  truck  or  boggie. 
It  is  worthy  of  remark  that,  in  America,  they  seem,  with  a  sort  of  common 
assent,  to  have  agreed  as  to  the  best  form  of  engine  suitable  for  their 
purposes,  whilst  we,  in  this  country,  if  we  may  judge  from  the  variety  of 
engines  to  be  seen,  woidd  appear  not  yet  to  have  arrived  at  this  step 
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towards  perfection.  The  old  **Bury'*  engine  seems  to  be  the  type  from 
which  the  American  engine  has  come,  as  the  combined  tmss-form  of 
frame  used  in  that  engine  is  still  closely  adhered  to  in  the  United  States. 

The  engines  generally  used  for  both  goods  and  passengers  have  15  in. 
to  1 6  in.  cylinders,  and  eight  wheels ;  coupled  driving  wheels  of  5  ft.  to 
5  ft.  6  in.  diameter,  with  truck  wheels  of  22  in.  diameter.  The  driving 
wheels  are  placed  close  to  each  other,  one  pair  before  and  the  other  dose 
behind  the  fire-box,  the  springs  being  connected  by  compensating  levers. 
The  truck  wheels,  in  the  most  cheaply-constructed  engines  for  narrow 
gauges,  are  set  about  3  to  8^  ft.  from  centre  to  centre  of  the  axles;  but 
there  seems  to  be  a  feeling  in  favour  of  setting  these  wheels  wider,  ibr 
safety,  say,  up  to  5  or  6  ft.  from  centre  to  centre  of  the  axles.  Compen- 
sating levers  are  sometimes  put  between  the  truck  springs.  This  track, 
with  its  framing,  is  almost  the  only  thing  about  these  engines  in  which 
much  variety  in  form  or  construction  is  seen.  They  generally  have  only 
inside  bearings,  but  many  have  both  inside  and  outside  bearings,  from  S^ 
to  4-^  in.  in  diameter.  The  framing  of  the  trucks  is  of  wrought  iron — ^tbe 
simplest  form  consisting  of  two  flat  side  bars,  the  ends  of  which  are  msde 
to  clasp  the  bushes  of  the  axle  bearing,  whilst  the  centre  part  is  made  iip 
of  two  plates  rivetted  above  and  under  the  side  bars,  with  thimbles 
between  them.  A  large  inverted  spring  at  each  side,  with  its  ends  resting 
above  the  axle  bearings,  and  the  centre  under  the  engine  framing,  bears 
the  weight  of  the  engine.  This  arrangement^  however,  does  not  admit  of 
one  wheel  rising  without  rabing  the  whole  frame.  The  most  improved 
truck  frames  have  the  action  of  the  wheels  independent  of  each  other,  the 
axle  bearings  running  in  ordinary  sliding  axle  boxes,  with  a  spring  to  each 
bearing  or  wheel.  Many  of  these  trucks  exhibit  ingenious  applications  of 
the  tniss-frame  principle,  adopted  in  order  to  obtain  the  greatest  strength 
with  the  least  weight.  The  bearing  weight  of  the  engine  rests  on  the  side 
frames  of  the  truck,  and  not  in  the  centre,  as  is  the  case  with  some  track 
engines  made  in  this  country.  Safety  chains  from  the  engine  are  attached 
to  each  comer  of  the  truck,  to  prevent  its  dropping  down  in  the  event  of 
an  axle  breaking  or  a  wheel  coming  off. 

The  truck  wheels  are  cast  solid,  without  arms,  and  are  chilled  on  the 
rims.  The  driving  wheels  are  also  of  cast  iron,  and  remarkably  light, 
being  hooped  with  Bowling  or  Lowmoor  tyres.  Great  care  is  taken  in 
making  these  wheels,  with  the  proper  thickness  of  the  parts,  the  quality 
of  the  iron,  and  the  manner  of  casting  them.  The  iron  of  this  country — 
the  Scotch  iron — so  much  of  which  is  imported  into  the  States,  is  quite 
unfit  for  wheel  making.  In  Messrs.  Whitney's  wheel  factory  at  Philadel- 
phia, a  handsomely-built  and  well-arranged   establishment,  the  casting 
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house  was  aboat  460  ft,  long  bj  60  ft.  wide,  lofty,  and  corered  with  a 

neat  iron  roof.     Four  large  cnpolas  or  melting  ftimaces,  were  arranged  in 

the  centre,  and  at  the  end  four  large  annealing  furnaces.     A  main  road 

with  rails  ran  down  the  centre  of  the  building,  and  the  floor  on  each  side 

was  covered  with  wheel  moulding  boxes,  whilst  light-framed  four-wheeled 

tracks,  with  high  light  wheels,  moved  over  the  boxes  on  rails,  spanning 

the  whole  width  of  the  moulding  floor  on  each  side,  carrying  a  jib  crane 

at  each  end.     A  large  ladle  on  a  frame  carriage,  mounted  with  pouring 

gear,  and  capable  of  containing  15  tons  of  melted  metal,  moved  down 

the  raOs  of  the  centre  road.     Small  ladles,  suspended  from  the  cranes 

above  mentioned,  and  containing  only  as  much  metal  as  would  cast  one 

wheel,  received  the  iron  from  the  large  ladle.    As  soon  as  the  wheels  were 

cast,  they  were  lifted  and  carried  down  to  the  annealing  surface  by  these 

same  truck  cranes,  and  piled  up  there,  a  cast-iron  ring,  about  4  in.  deep, 

being  put  between  each  wheel.     The  top  of  the  furnace  was  on  a  level 

with  the  floor,  and  having  been  previously  heated  to  a  clear  red  heat,  as 

soon  as  it  was  filled,  the  covers  were  put  on  and  luted,  the  dampers  closed, 

and  the  fire  door  and  ash-pit  shut  up ;  the  whole  was  then  left  to  cool.  At 

the  end  of  the  fourth  day  the  wheels  were  taken  out,  carefully  examined, 

and  cleaned.     The  car  and  truck  wheels  are  cast  in  iron  chills.     On 

examining  the  pieces  of  the  rims  of  wheels  made  there,  it  will  be  observed 

that  the  efiect  of  the  chilling  penetrates  about  fths  of  an  inch  into  the  iron. 

Four  specimens  were  exhibited,  two  showing  the  section  of  car  wheels 

annealed,  or  cooled  slowly  in  four  days,  and  two  showing  the  section  of 

wheel  cast  in  chills  in  the  ordinary  manner  without  annealing.     The 

effect  of  the  chilling  is  shown  in  fig.  2,  Plate  XIV.,  which  represents  the 

l»x>ken  surfiioe  of  a  wheel  rim.     Li  chilling  wheels  made  of  Scotch  iron, 

the  annealing  is  seldom  observable  more  than  ith  of  an  inch  under  the 

skin,  showing  that  there  is  some  very  remarkable  difference  between  the 

two  kinds  of  iron  in  this  respect. 

The  boilers  for  locomotives  are  made  very  similar  to  those  of  British 
engines,  except  in  the  connection  between  the  raised  outer  fire-box  and 
the  barrel,  which  consists  of  a  straight  taper  instead  of  the  square,  formed 
by  flanching  or  angle  iron,  as  will  be  seen  on  referring  to  Plate  XII., 
which  is  reduced  from  one  of  the  numerous  drawings  exhibited  when  the 
paper  was  read. 

The  writer  was  much  pleased  with  the  excellent  boiler  work  he  saw  in 
the  States,  both  for  marine  and  locomotive  piuposes.  At  the  works  of 
Messrs.  Winans  &  Co.,  Philadelphia,  he  examined  locomotive  boilers  drawn 
together  for  rivetting,  and  every  hole  appeared  as  if  it  had  been  bored  and 
carefully  rimelled.     All   the  plates   were  marked   for    punching    by   a 
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centre  punch  only,  and  the  punches  of  the  machine  were  turned  in  the 
lathe,  leaying  a  small  projecting  pin  or  centre  point,  and  no  hole  "was 
punched  bj  the  machine  until  this  point  was  felt  in  the  centre  punch 
mark  on  the  plate. 

In  ordinary  boilers  for  wood  burning,  the  fire-box  and  tubes  are  of 
iron ;  but  those  of  the  best  construction  have  a  copper  fire-box  tube  plate, 
and  about  No.  14  W.  G.  copper  tubes.  The  writer  was  told  the  brass 
tubes  used  in  this  country  would  not  do  for  wood  burning  engines,  but 
could  not  get  a  satisfiictory  reason  why.  In  some  coal  burning  engines 
the  fire-box  is  made  of  copper,  a  few  inches  above  the  top  of  the  fire,  the 
other  part  being  iron. 

In  wood  burning  engines,  the  blast  pipe  for  a  15  in.  cylinder  is  some- 
times reduced  to  If  in.  diameter,  and  for  a  16  in.  cylinder  to  2  in. 
diameter.  (In  this  country  a  16  in.  cylinder  has  blast  pipe  opening  as 
large  as  4  in.  diameter.)  Considerable  obstruction  to  the  blast  is  caused 
by  the  spark  catcher  over  the  chimney.  This,  to  our  eye  rather  unsightly 
appendage,  is  necessary  to  prevent  the  sparks  from  the  wood  being  thrown 
out,  to  the  great  danger  of  fields  of  grain  and  forests  during  the  hot 
season,  and  is  simply  a  cap  of  light  cast-iron — ^like  an  inverted  cone — set 
above  the  chimney,  the  steam  striking  against  it,  and  being  turned  back 
into  the  outer  casing,  where  it  deposits  the  sparks  or  burning  wood.  As 
a  fiirther  security,  a  piece  of  wire  cloth  is  set  over  the  whole. 

There  are  a  number  of  schemes  and  patents  for  spark  catchers,  having 
angular  blades  and  spiral  channels  in  which  the  sparks  are  arrested,  but 
the  kind  described  is  that  most  in  use. 

The  smoke-box  is  generally  formed  by  a  continuation  of  the  barrel  of 
the  boiler — ^the  smoke-box  door,  of  an  ornamental  form,  generally  of  cast 
iron,  being  put  on  with  bolts,  there  being  no  ashes  deposited,  and  the  dust 
from  the  wood  being  carried  into  the  spark  catcher,  whence  it  is  with- 
drawn by  a  small  door  at  the  bottom. 

The  wood  used  in  the  engines  is  split  into  billets,  from  2  to  3  ft  long, 
which  are  thrown  into  the  fire-box  by  hand.  Were  it  not  for  the  great 
labour  of  constantly  feeding  the  fire,  wood  makes  a  very  deauly  and 
pleasant  fuel  for  use.  It  \a  sold  and  reckoned  by  the  '^  cord" — about  120 
cubic  feet  piled,  or  6000  lbs.  weight.  Passenger  engines  use  about  a 
'*  cord"  of  pine  wood  per  40  to  45  miles ;  or  of  oak  per  50  miles.  The 
American  railroads  generally  pass  through  forests  somewhere  in  their 
extent,  and  when  the  settlers  clear  the  ground  they  split  the  timber  and 
build  it  up  alongside  the  track.  The  railway  people  lifl  it,  and  haul  it  to 
their  stores,  where  it  is  sawn  into  lengths  and  stacked.  The  settlers  get 
from  2  dols.  to  3  dols.  per  cord  for  it,  if  at  all  near  towns.     About  New 
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York  it  cost,  when  the  writer  was  there,  from  5  dols.  to  7  dols.  or  more, 
in  the  tender. 

In  consequence  of  the  high  price  of  wood,  considerable  attention  is  now 
l>eing  tamed  towards  engines  constmcted  to  use  the  coal  of  the  country. 
It  is  proposed  to  notice  these  engines  in  a  future  paper  on  the  subject  of 
cool  burning  engines ;  but  it  may  be  remarked  here,  that  in  America, 
mrith  such  great  coal  fields,  this  question  is  about  as  important  as  it  is  in 
tliis  country. 

It  will  be  observed  that  the  American  engines  carry  a  large  bell,  which 
is  used  to  give  a  signal  of  danger  to  the  public,  and  all  parties  not 
connected  with  the  railroad.  It  is  constantly  kept  ringing  when  the 
engine  moves  along  the  streets  in  towns,  or  crosses  roads,  the  driver  being 
liable  to  a  heavy  fine  should  he  fail  to  ring  his  bell  on  such  occasions. 
The  whistle  is  used  to  signal  to  employees  on  the  road. 

The  sand-box  is  placed  on  the  top  of  the  boiler,  within  an  ornamented 
casing,  similar  to  the  steam-chest,  and  a  pipe  on  each  side  leads  the^  sand 
down  to  the  rails. 

The  cab  on  the  foot-plate  is  quite  peculiar  to  American  engines,  and  is 
a  source  of  great  comfort  to  the  men.  It  is  generally  found  very  neat 
and  dean  within,  with  a  cushioned  seat  on  each  side.  Egress  to  the  plat- 
form-plates is  obtained  by  small  doors  at  the  front. 

The  head  lamp  is  a  very  clumsy  a£&ir,  and  does  not  give  so  much  light 
as  those  of  this  country,  in  consequence  of  a  simple  reflector  and  plain 
glass  front  being  used,  instead  of  lenses  of  glass. 

The  cow-catchers  in  front,  required  to  keep  off  cattle  where  the  tracks 
are  unfenced,  are  made  of  either  wood  or  iron,  and  of  forms  shown  in  the 
drawings.  These  machines  have  been  known  to  save  lives,  by  knocking 
people  off  the  track,  instead  o^  as  with  our  engines,  knocking  them  down 
among  the  wheels. 

As  will  be  observed  from  the  examples  given  of  American  engines  in 
the  illustrations  before  the  meeting,  the  slide  valve  chest  is  usually  outside 
above  the  cylinder,  the  motion  to  the  valves  being  communicated  through 
a  rocking  shaft;  and,  although  most  of  the  modem  engines  have  the 
English  link  motion,  many  makers  adhere  to  the  old  favourite  American 
expansion,  system  of  one  valve  sliding  on  the  back  of  the  other,  receiving 
its  motion  from  a  third  eccentric,  and  all  having  the  old  gab  or  V  con- 
nection. The  amount  of  expansion  is  regulated  by  moving  the  end  of  the 
valve  coimecting  rod  in  an  arc,  which  forms  the  arm  on  the  rocking  shafl. 

In  many  of  the  freight  or  mineral  engines,  the  old  hand  gear  is  still 
used,  and  preferred  for  convenience  in  shunting,  and  starting  on  heavy 
gradients,  or  in  snow  storms. 
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Cast-iron  is  used  for  the  eccentric  hoops,  piston-rod  clutches,  arms  of 
the  rocking  shafts,  and  other  parts,  which  are  usually,  but  as  the  writer 
thinks,  unnecessarily,  made  of  wrought-iron  or  brass  in  this  country. 
The  number  of  bolts  used  to  fix  those  parts,  which  required  to  be  exa- 
mined, or  occasionally  taken  to  pieces,  is,  in  the  American  engine,  reduced 
to  a  minimum.  A  gland  with  one  screw  fixes  the  two  feed  pump  Taire 
chest  covers ;  four  bolts  the  slide  ralve  box  cover,  and  so  on. 

Gauge  glasses  are  not  used  on  the  boilers,  and  it  would  appear  rather 
curiously,  those  tried  have  always  broken  so  often  that  they  have  been 
abandoned  altogether,  and  three  gauge  cocks  used  instead. 

Cast-iron  chilled  tyres  or  hoops  have  recently  been  introduced  on  freight 
engines  where  the  wheels  are  not  large.  They  are  made  about  3  in.  thick, 
and  are  fixed  on  the  wheels  by  a  number  of  keys  sunk  in  the  rim  of  the 
wheel,  and  slightly  also  in  the  tyre,  having  heads  at  one  end,  and  nuts  at 
the  other,  which  when  screwed  up,  bear  both  on  the  wheel  and  tyre,  pre- 
venting it  from  slipping  off. 

The  large  eight  coupled  wheeled  freight  engine  (represented  in  Fig.  1, 
Plate  XIV.)  by  Winans  of  Baltimore,  was  made  originally  with  cast-iron 
chilled  wheels ;  but  it  being  found  troublesome  and  expensive  to  replace 
them,  cast-iron  tyres  were  successfully  substituted,  and  are  said  to  be 
much  more  desirable  than  wronght-iron  ones.  This  engine  is  peculiar  in 
its  construction  and  appearance.  The  gratebar  area  is  unusually  large.  The 
anthracite  coal  is  put  into  the  furnace  by  the  hoppers,  A,  b,  which  are  filled ; 
the  door,  c,  put  down,  and  the  slide  doors,  s,  drawn — ^preventing  the  rush 
of  cold  air  into  the  fire  box,  which  takes  place  when  firing  in  the  usual  mode. 
There  are  doors  also  at  the  end  of  the  fire  box  by  which  the  stoker  can 
arrange  and  clean  his  fire.  The  valves  are  actuated  by  eccentric  cams, 
and  the  old  hand  gear  levers  are  used  as  before  mentioned.  The  writer 
saw  a  great  number  of  these  engines  at  work  on  the  Baltimore  and  Ohio 
railroad.  The  locomotive  superintendent  stated  that  they  gave  much 
satisfaction.  In  Messrs.  Winans'  factory,  several  of  these  engines  were 
being  made,  but  with  the  addition  of  a  truck  in  front.  This  engine  weighs 
above  82  tons ;  cylinders,  19  in.  diameter ;  22  in«  stroke ;  wheels,  3  ft.  9  in. 
diameter;  and  it  works  over  the  summit  of  the  Alleghany  mountains, 
having  500  feet  rise  in  a  mile,  taking,  however,  only  one  waggon  of  about 
15^  tons  weight.  This  part  of  the  road  is  now  timnelled,  but  they  still 
work  17  miles,  with  117  feet  rise  to  the  mile,  and  in  many  places 
there  is  85  feet  rise  to  the  mile.  The  usual  load  is  22  waggons,  equal 
to  220  tons  freight.  The  working  speed  does  not  exceed  12  miles  an 
hour. 

The  American  eight-wheeled  truck  engine  is  a  beautifully  balanced  and 
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steady  machine,  remarkably  easy  on  a  bad  road,  and  much  safer  than  an 
English  engine  under  similar  circumstances. 

From  the  reported  accidents  on  American  railroads,  it  would  appear 
that  these  engines  keep  the  track  well  at  the  speeds  they  travel,  which 
seldom,  if  ever,  exceeds  40  miles  an  hour — the  average  running  speeds  of 
the  express  trains  being  generally  from  30  to  35  miles,  and  that  of  freight 
trains  about  15  miles  an  hour. 

The  great  objection,  and  perhaps  the  only  one  to  the  American  engine, 
is  the  difficulty  of  obtaining  sufficient  weight  upon  the  driving  wheels. 
TTith  a  25  ton  engine,  seldom  more  than  15  tons  can  be  got  on  the  drivers, 
even  by  keeping  the  truck  well  forward. 

There  are  several  designs  of  freight  endues  used,  those  before  the  meet- 
ing give  an  idea  of  their  leading  peculiarities. 

In  Baldwin  &  Co.'s  eight-wheeled  coupled  engine,  four  wheels  are 
in  a  swivel  truck,  which  arrangement,  with  spherical  bearings  in  the 
couplings,  the  makers  say,  gives  freedom  on  curves.  This,  however,  appears 
doubtful.  The  only  available  relief  seems  to  be  in  running  the  middle 
wheels  without  ilanches,  as  done  in  Rogers,  Ketchum,  and  Grosvenor*s 
engine,  and  as  is  indeed  the  practice  with  the  ordinary  eight-wheeled 
engines. 

An  American  Locomotive  is  represented  in  Plate  XII.,  selected  from 
the  numerous  drawings  exhibited  at  the  meeting. 

An  arrangement  of  engine  on  the  American  plan  by  Neilson  &  Co.  of 
Glasgow  is  represented  in  Plate  XIII.,  where  the  spring  compensating 
levers  are  distinctly  shown.  This  and  one  slightly  different  were  made  for 
British  America,  and  are  perhaps  the  first  really  American  locomotive 
en^es  made  in  this  country. 


Mr.  NraLBoir  handed  round  some  spedmens  of  chilled  cast-hron  wheel  rinu,  showing  the 
penetration  of  the  chilling  action  quite  |Ui8  of  an  inch  from  the  Burface,  as  is  represented  in 
fig.  2,  Plate  XIY.  He  said  the  American  cast-iron  wheels  were  as  light  in  appearance  as 
wTOoght-iron  wheels. 

The  Pbbsident  inquired  if  Acadian  iron  was  ever  used  in  making  them,  and  said  that 
some  specimens  of  this  iron  exhibited  a  remarkable  degree  of  toughness.  He  had  seen  pieces 
of  Acadian  cast-iron  twisted  about  in  a  way  which  common  cast-iron  would  not  bear. 
The  toughness  might  perhaps  be  attributable  to  the  absence  of  sulphur. 

Mr.  J.  B.  Napusr  said  that  when  he  was  in  Boston,  some  eight  or  nine  years  ago,  he  saw 
some  cast-iron  guns  made  for  the  American  navy,  the  metal  of  which  was  very  like  Stir- 
ling's toughened  cast  metaL  He  had  also  at  the  same  time  observed  the  fine  quality  of  the 
iron  used  in  the  construction  of  boilers.  The  boilers  were  made  with  little  or  no  angle  iron, 
the  edges  being  all  flanged  over. 
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Hm  Pbbbedknt  beUeved  the  use  of  angle  iron  in  the  conatraction  of  boilen  to  be  often 
ol]()eetbnable.    Boilen  had  been  known  to  give  way  at  the  angle  iron. 

Mr.  P.  SiiRUiro  thought  angle  iron  would  be  much  stronger  than  flanged  plates. 

Mr.  Neilson  said  that  in  the  States,  the  holes  in  the  tube  plates  of  marine  boilen 
were  flanged  inwards  to  receiTe  tabes  as  small  as  6  in.  diameter,  through  which  they  were 
rivetted.  In  American  wood-burning  locomotiTes,  the  labour  of  firing  was  very  gnat.  It 
was  the  constant  employment  of  the  fireman  to  pitch  the  wood  into  the  firo  box. 

The  Pbbsidbmt  had  little  doubt  but  that  British  cast-iron  could  be  made  of  as  good 
quality  as  any  other  if  the  proper  means  of  working  it  were  only  known.  From  Professor 
Barlow*s  late  experiments  on  beams,  it  appeared  that  the  strength  of  the  skin  of  ban 
of  British  cast-iron  was  about  2^  times  greater  than  that  of  the  interior.  In  the  Acadian 
iron  there  was  a  greater  onifonnity  in  the  strength  of  the  skin  and  of  the  internal 
parts. 

In  reply  to  inquiries,  Mr.  NiouBOii  said  the  pressure  used  in  American  locomotiTes  was 
about  80  lbs.  per  square  inch.  He  could  get  no  satisfactoiy  replies  to  his  inquiries  as  to  the 
dunbility  of  the  American  locomotives,  and  the  work  or  mileage  done  at  a  given  cost. 
Captain  Galton  gave  a  general  statement  to  the  effect  that  there  is  S5  per  cent,  in  favour  of 
the  durability  of  British  locomotives.  In  the  New  England  States,  however,  they  were  equal 
to  British  engines.  In  the  south  it  was  common  to  use  cast>iron  rocking  shafts,  chiUed 
cast  wheels,  single  springs  acting  on  two  axle  boxes,  and  similar  things  which  reduced  the 
total  cost,  and  rendered  comparison  difficult. 

The  Pbxsident  inquired  whether  any  comparison  had  been  made  of  the  reristances  of 
American  and  British  engines ;  and  how  the  Motion  was  affected  by  the  truck  with  its 
small  wheels  in  fipont  ? 

Mr.  NBoaoir  said  the  swivelling  of  the  tmck  avoided  the  firiction  of  the  flanges  on  the 
rails,  but  from  the  smallness  of  the  wheels,  the  friction  of  the  axles  would  be  increased ;  on 
the  whole,  however,  he  thought  the  American  looomoUves  had  less  frictional  resistance 
than  ours.  The  axle-journals  of  the  22  in.  bogie  wheels  were  8^  to  4  in.  in  diameter, 
whilst  the  axle-journals  of  our  leading  trailing  wheels  were  about  4^  in.  in  diameter.  This 
gave  the  bogie  axle-journal  a  very  much  greater  surface  velocity,  but  there  was  only  half 
the  weight  bearing  upon  it 

Mr.  Tatt  thou^t  the  small  wheels  were  objectionable,  as  they  would  sink  into  the  oon- 
cavity  formed  in  the  rail  by  the  weight  of  the  locomotive,  and  be  oonstantiy  moving  up  a 
never-ending  incline,  the  effect  of  which  would  be  worse  on  the  smaller  wheel.  He  thought 
that  many  of  the  American  locomotives,  presenting  a  confused  mass  of  stripes  of  paint  and 
brass,  were  the  flimsiest  pieces  of  mechanism  in  existence-,  and  that  for  work  and  durability, 
they  were  not  half  the  worth  of  ours.  He  must,  however,  except  the  boilen  from  the  charge 
of  flimsinese.  The  workmanship  of  these  was  very  excellent.  They  used  larger  and  more 
ductile  plates  than  we  got  here.  He  had  in  New  York  seen  boiler  plates  14  ft.  by  7  ft. 
broad,  intended  for  the  upper  part  of  the  boiler. 

Mr.  Napier  observed  that  the  Americans  covered  their  boilen  with  a  kind  of  Russiau 
iron  like  copper,  and  possessing  a  beautifid  skin. 

Mr.  NsiLSox  said  he  envied  the  Americans  the  use  of  this  iron,  which  they  employed  in 
great  quantities.  Its  surikoe  was  of  a  blue  colour  like  zinc.  It  never  rusted,  but  always 
remained  dean  and  pretty.  It  was  very  expensive,  but  the  manner  of  its  manufacture  was 
still  a  secret.  He  had  heard  of  two  acute  Yankees,  living  in  Siberia  for  several  yean, 
endeavouring  to  find  out  the  process,  but  in  vain. 
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The  Pbbudsnt  hoped  they  would  ere  long  find  out  how  to  make  it  for  thenuelyeB.  He 
proposed  a  Yote  of  thanks  to  Mr.  NmusoN  for  his  paper,  and  for  the  numeroos  and  inter- 
eeting  drawings  of  American  locomotives  he  had  ezhihited.  The  vot?  of  thanks  was 
unanimously  passed. 


The  following  paper  was  then  read : — 
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On  the  StabiUty  of  Locomotives.     By  Mr.  J.  G.  Lawbib. 

Thb  instability  of  locomotiyes  arises  from  two  causes — ^the  internal  dis- 
turbing action  of  the  engine  itself  and  the  unevenness  of  the  permanent 
way.  The  control  of  these  elements  of  instability  is  materially  affected  by 
the  disposition  of  the  axle  bearings.  These  bearings  in  some  engines  are 
all  of  them  outside  the  wheels ;  in  some  they  are  all  inside ;  while  in 
others,  either  the  leading  or  the  trailing  axle,  or  both,  have  their  bearings 
outside ;  and  the  driving  axle  inside. 

A  little  reflection  makes  it  appear  that  the  merits  of  the  several  arrange- 
ments of  the  axle  bearings  are  developed  on  considering  the  two  forma, 
the  one  shown  in  fig.  3,  Plate  XIV.,  in  which  the  leading  axle  alone  has 
outside  bearings,  and  the  other  shown  in  fig.  4,  in  which  the  trailing  axle 
alone  has  outside  bearings. 

The  internal  disturbing  action  of  the  engine  itself  arises  chiefly  from 
the  angular  action  of  the  connecting  rods  above  and  below  a  horizontal 
line,  and  from  the  momentum  of  the  reciprocating  parts.  The  disturbance 
from  unevenness  of  the  permanent  way  is  caused  by  the  curves,  and  by 
the  state  of  repair  in  which  the  permanent  way  is.  When  an  engine  is 
well  balanced,  the  instability  or  oscillation  arising  from  the  action  of  the 
connecting  rods,  and  from  the  momentum  of  the  reciprocating  parts,  is 
nearly  removed,  or  at  all  events  so  nearly  removed  as  to  leave  the  disturb- 
ing action  from  unevenness  of  the  road  ~of  an  importance  by  much 
the  most  material.  The  instability  caused  by  unevenness  of  road  arises 
either  from  inequality  in  the  top  and  side  surface  of  the  rails — ^such  as  im&ir 
butt  joints,  or  from  the  difference  of  level  of  the  rails  in  a  curve,  together 
with  the  difference  in  the  length  of  the  rails  on  the  outside  and  inside  of 
a  curve.  Of  all  the  causes  of  instability,  however,  which  an  engine  in 
good  repair  encounters  on  a  line  also  in  good  order,  that  received  when 
travelling  at  a  high  speed  in  a  curve  is  the  most  important 

When  an  engine  is  in  motion  round  a  curve  in  the  direction  of  the 
arrows,  a,  in  figs.  3  and  4,  all  the  parts  of  the  engine  resting  upon  the 
springs,  tend,  in  consequence  of  their  momentum,  to  move  off  the  line  in 
the  direction  of  a  tangent  to  the  curve,  whilst  the  wheels  and  axles  are 
forced  by  the  rails  to  follow  the  curve.  Thus  the  parts  of  an  engine  upon 
which  the  springs  bear,  are  forced  to  move  in  a  direction  forming  some 
angle  with  the  direction  in  which  the  parts  supported  by  the  springs  tend 
to  move,  and  that  engine  is  the  most  stable  which  receives  from  the  springs 
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tlie  greatest  assistance  in  maintaining  the  entire  structure  in  the  shape 
and  position  it  occupies  when  at  rest.     Suppose  the  arrows,  a,  represent 
tlie  direction  of  a  curve  in  a  railway,  and  the  arrows,  b,  the  direction  of  a 
tangent  to  that  curve,  the  question  arises  whether  the  arrangement  of 
&xle  bearings  in  fig.  3,  or  that  in  fig.  4,  contributes  most  to  maintain  the 
several  parts  of  the  engine  in  the  position  which  they  occupy  when  the 
engine  is  at  rest.    At  c  d  are  the  bearings  upon  which  the  springs  rest  on 
tihe  leading  axle,  and  it  is  plain  enough,  with  but  little  consideration,  that 
the  further  apart  these  bearings  are,  the  more  effectually  do  the  springs 
control  the  dislocation  of  the  engine,  and  therefore  the  more  stable  is  the 
locomotive.     At  e  f  are  the  spring  bearings  on  the  trailing  axle,  and  it 
is  equally  apparent  that  the  distance  asunder  of  these  bearings,  though 
not  by  any  means  immaterial,  is  of  very  inferior  importance  in  the  stabi- 
lity of  the  engine  to  the  width  of  the  bearings  on  the  leading  axle. 

It  thus  appears  that  wide  bearings  on  the  leading  axle  are  of  the  highest 
importance  in  controlling  the  particular  disturbance  in  the  stability  arising 
from  a  curve,  and  this  is  the  most  important  element  of  instability ;  but 
the  width  of  these  bearings  is  of  equal  importance  in  controlling  every 
other  cause  of  instability.  It  has  been  contended,  against  outside  leading 
axle  bearings,  that  when  the  engine,  so  constructed  as  in  fig.  3,  travels  over 
hollows  in  the  permanent  way,  violent  shocks  are  given  by  the  springs 
acting  with  so  much  leverage  from  the  centre  of  the  engine.  This  align- 
ment, however,  is  of  no  moment,  because  those  lines  on  which  hollows  so 
precipitate  exist,  are  unfit  for  high  speed ;  and  the  very  fact  of  this  argu- 
ment being  used  against  outside  bearings,  proves  the  efficacy  of  the 
arrangement  in  maintaining  the  stability  of  the  engine. 

Locomotives  constructed  with  outside  cylinders,  and  leading  axles  having 
outside  bearings,  possess  the  principal  features  of  Locke's  Crewe  engine, 
and  the  admirable  efiiciency  of  that  engine  in  these  two  particulars,  seems 
to  give  it  the  highest  position  among  existing  locomotives. 

I  have  stated,  and  experience  has  repeatedly  proved,  that  in  an  engine 
properly  balanced,  no  instability  exists,  which  is  caused  by  the  angular 
action  of  the  connecting  rod,  or  by  the  momentum  of  the  reciprocating 
parts ;  but  those  most  familiar  with  locomotives  know  best  that  engines, 
generally,  are  tar  firom  being  so  carefully  adjusted.  No  engineer  now 
considers  that  he  has  altogether  finished  the  construction  of  a  stationary 
or  marine  engine  until  he  has  proved  its  correctness  by  the  indicator,  and 
to  a  much  greater  extent  shotdd  the  balancing  of  a  locomotive  be  deemed 
a  part  of  its  construction.  In  those  instances  in  which  engines  have  been 
balanced  with  accuracy,  the  means  employed  have  been  of  a  temporary 
and  somewhat  imperfect  description,  but  a  suitable  machine  for  regular 
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use  would  not  be  by  any  means  an  ezpennye  one.  Fig.  5  represents  one 
form  in  which  it  might  be  constructed.  Two  beams,  A  b,  are  carried  by 
four  rods,  E,  p,  g,  h,  and  suspended  from  a  pivot,  k.  At  l  m  are  one  or  two 
wheels,  as  the  case  may  be,  upon  which  the  driving  wheels  of  the  engine 
revolve,  and  friction  straps,  n,  o,  are  provided  for  the  purpose  of  grasping 
the  driving  wheels  with  an  amount  of  foroe*such  that  full  steam  may  be 
applied  to  the  engine.  The  point  of  suspension  at  k,  is  capable  of  being 
shifted  so  as  to  balance  the  entire  weight.  The  wheels  at  l,  are  cs^uible 
of  being  shif^d  to  suit  different  engines.  Such  a  machine  would  be  by 
no  means  cumbrous  or  expensive,  and  would  serve  the  purpose  of  balanc- 
ing the  moving  parts  of  the  engine  much  more  effectually  than  can  be 
done  by  any  of  the  numerous  modes  of  calculation  extant.  If  to  this 
machine  another  be  added,  for  the  purpose  of  loading  the  driving  wheels 
equally  in  the  case  of  coupled  engines,  locomotives  would  be  balanced 
with  au  accuracy  unknown  in  present  practice. 

Considering  that  the  work  performed  on  our  several  railways  is  similar, 
and  in  the  case  of  all  our  principal  ones  the  same,  the  variety  of  locomo- 
tives in  use  is  much  more  apparent  than  advantageous.  To  the  possessor 
of  railway  property  this  is  a  matter  of  no  indifferent  character,  because 
upon  the  locomotive  depends,  to  a  large  extent,  the  amount  of  his  return. 
Yet  all  the  information  the  railway  proprietor  possesses  regarding  his 
motive  power  is,  that  the  engine  employed  on  his  own  line  is  the  one 
deemed  by  his  own  superintendent  to  be  the  best,  and  that  this  same 
engine  is  deemed  by  all  other  locomotive  superintendents,  or,  at  all  events, 
by  nine  out  of  every  ten,  as  very  inferior  indeed.  This  is  surely  not  the 
condition  in  which  our  railway  motive-power  should  stand. 

I  have  already  described  a  machine  which  is,  in  some  measure,  adapted 
to  perfect  the  construction  of  the  locomotive  in  certain  respects,  and  I 
shall  now  describe  an  instrument  which  I  confidently  believe  is  fitted  to 
bring  about  its  more  perfect  construction,  not  only  in  those  respects,  but 
in  others  of  vast  importance,  and  capable  also  of  leading  to  improvements 
in  points  in  which  it  is  not  yet  known  that  improvement  is  possible. 

In  1829,  when  the  competition  with  locomotives  took  place  on  the 
Liverpool  and  Manchester  Railway,  results  were  obtained  wholly  unanti- 
cipated, and  a  start  forward  was  given  to  locomotive  engineering  which 
hastened  the  advancement  of  railways  to  an  extent  that  cannot  be  over- 
estimated. 

In  agricultural  engineering  what  has  been  the  result  of  repeated  com- 
petition ?  The  result  has  been  that  in  no  branch  of  the  mechanical  arts 
have  strides  so  large  or  more  successful  been  made. 

In  Lancashire,  at  the  present  moment,  through  the  operation  of  the 
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association  formed  for  the  prevention  of  steam  boiler  explosions,  and  for 
e£fecting  economy  in  the  raising  and  use  of  steam,  a  constant  and  accurate 
comparison  is  being  made  of  upwards  of  600  steam  engines,  and  beyond 
a  doubt  one  result  of  this  association,  perhaps  the  most  important  result 
will  be,  great  improYement  in  the  machinery  which  falls  within  its  range. 
It  is  impossible  that  the  accurate  observations  and  tabulated  records  of 
that  association  can  fail  to  raise,  at  all  events,  the  inferior  engines  to  the 
standard  of  the  best,  but  its  tendency  also  is  to  raise  the  best  to  a  still 
higher  standard. 

In  all  machinery  comparisons  ought  to  be  made.  In  most  kinds  of 
machinery  comparisons  can  be  successfolly  made;  but  in  no  machinery  can 
they  be  made  more  fully,  more  easily,  and  with  results  more  important 
than  in  locomotives. 

The  instrument,  therefore,  which  I  anticipate  is  capable  of  leading  to 
results  so  beneficial  in  locomotives  is  the  establishment  of  competitive 
trials,  with  premiums  of  considerable  amoimt,  open  to  every  engineer  who 
chooses  to  enter  the  lists.  Such  competitions  would  remove  the  conten- 
tion of  debatable  groimd,  would  sifl  and  perfect  all  existing  constructions 
of  engines,  and  would  bring  forward  improvements  that  are  at  present 
unthought  of. 

The  benefits  of  these  competitions  would  be  reaped  by  every  railway 
company  in  the  kingdom.  Manufacturing  engineers  also  would  share 
in  them ;  they  would  receive  instruction,  and  would  derive  employment 
from  the  demand  for  the  improved  form  of  engine.  Indeed,  from  addi- 
tional employment  nothing  would  more  conduce  to  the  immediate  profit 
of  manufacturing  engineers,  as  a  body,  than  the  invention  of  an  improved 
construction. 

An  institution  such  as  this  which  I  now  address,  possessing,  in  its  mem- 
bers, all  the  mechanical  talent  and  status  of  the  Clyde,  or  I  may  say  of 
Scotland,  if  that  comprehends  more,  b  well  fitted  to  carry  forward  such  a 
measure  as  I  have  suggested,  and  in  return  would  derive  a  dignity  not 
unworthy  of  its  aim  and  emulation. 

Sources  from  which  the  funds  necessary  for  this  object  would  be  derived 
are  apparent  enough,  and  in  all  probability  very  large  premiums  could 
be  offered,  which,  together  with  the  high  position  of  being  successful  com- 
petitors, would  afford  inducements  sufi&ciently  tempting  to  arouse  from 
indifference  the  most  distinguished  of  our  engineers. 

In  every  path  of  human  pursuit,  in  every  art  and  in  every  science,  no 
motive  to  exertion  has  yet  been  discovered  so  powerful  as  rivalry,  and  for 
the  reason  that  the  action  of  that  motive  is  measured  by  the  principle  the 
strongest  in  hiunan  nature — ambition. 
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Mr.  Lawrue  said  that  hU  ^iews  respectiDg  the  benefit  of  outside  bearings  oa  the  teadiag 
wheels  were  corroborated  in  a  rudimentaiy  way  by  experimentally  placing  oneself  horizon- 
taUv,  so  as  to  rest  on  the  toes,  and  on  the  elbows  or  arms,  when  it  woold  be  felt  that  in 
proportion  to  the  distance  asunder  of  the  elbows,  was  the  resistance  to  a  capcue  on  a 
push  being  given  forward  and  laterally,  at  an  angle  of  say  45^  whilst  increasmg  the  width 
apart  of  the  toes  added  comparatively  little  to  that  resistance. 

Mr.  P.  Stibliko  preferred  that  all  the  bearings  should  be  inside,  and  did  not  agree  with 
Mr.  Lawrie  that  outside  bearings  would  increase  the  stability.  The  stability  depended  on 
the  width  of  base,  which,  in  the  locomotive,  was  4  ft.  8}  in.,  the  gauge  of  the  wheeb ;  the 
weight  above  should  be  kept  as  much  within  this  base  as  possible ;  and  the  lateral  spreading 
of  the  weight  consequent  on  the  use  of  outside  bearings  would  be  yijurioos  rather  than 
beneflciaL 

Mr.  Lawrix  argued,  that  if  >Ir.  Stirling*s  reasoning  were  correct,  it  would  be  best  to 
put  the  bearings  close  together,  or  to  use  a  single  long  one  at  the  middle  of  the  axle ;  but 
this  arrangement  would  obviously  involve  great  instability. 

Mr.  AixAK  said  it  was  usual  to  suspend  locomotives  by  chains  80  in.  long  at  the  four 
comers,  for  the  purpose  of  testing  and  balancing  them.  Without  balance  weights  there 
would,  generally,  be  a  slight  osdllation,  such  as  would  describe  an  oval  1^  to  1^  in.  long, 
on  a  stationary  card;  but  when  the  balance  weights  were  applied,  the  locomotive  was 
perfectly  steady,  describing  an  oval  not  more  than  -^  in.  long,  when  working  at  a  speed 
corresponding  to  60  miles  per  hour. 

Mr.  Lawrie  said  that,  according  to  his  plan,  the  locomotive  was  suspended  from  a  single 
pomt,  instead  of  at  the  four  comers ;  he  did  not,  however,  so  much  bring  it  forward  as 
new,  but  because  he  thought  its  usefulness  was  not  sufficiently  recognised. 

Mr.  Neilson  doubted  whether  the  proposed  competitions  would  lead  to  any  result ;  he 
thought  engineers  would  not  be  got  to  agree  to  it. 

On  the  motion  of  the  President,  a  vote  of  thanks  was  unanimously  passed  to  Mr.  Lawrie 
for  his  paper. 


The  Secretary  announced  the  reception  of  the  following  Works  during 
the  Session  1857-58. 

**  Bapport  sur  rExposidon  Universelle  de  1865,"  par  MM.  Giraidin,  Cordier,  and  BnzeL 
Presented  by  M.  BnreL 

'*  On  the  Composition  of  the  Building  Sandstones  of  Craigleith,  Bhmie,  Gi&ock,  and 
Partick  Bridge.*'  Presented  by  the  Author,  Thomas  Bloxam,  assistant  chemist,  Induatzial 
Museum,  Edinburgh. 

'*  The  Illustrated  Inventor."    Nos.  I.  to  XXIIL     Presented  by  the  Proprietors. 

The  thanks  of  the  Institution  were  voted  for  these  donations 
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Tlie  Tbeasuber  presented  bis  accounts  and  statements  in  accordance 
^ith  Kule  15  ;  and  Messrs.  Harvey  and  Wilkie  were  appointed  Auditors 
in  accordance  with  Rule  17,  to  examine  the  same. 


Abstract  of  Treasurer's  Account — Session  1857-68. 


April  14,  1857. 
To  SubscriptioDJ — 

111  Members,  at  XS  8s., £849  18     0 

1  AsaocUte,  at  £2  12b.  6d.,...     2  12     6 
8  Graduates,  at  XI  Is, 8    8     0 


£860  18     6 


Cr. 


April  14,  1867. 
By  paid  to  acoonnt  of  the  Secre- 

taiy'8  Salary, £58     0     0 

Sundry  accoants,  as  per  vouch- 
ers, viz. — 
Circulars,  &c.,  connected  with 

preliminary  meetings, 7  11     6 

Advertising, £6     1     9 

Stationery, 6 

Engraving  and 
printing  cards, 
and  printing  re- 
gulations,    5  16 

CoUecting  a  por- 
tion of  the  sub- 
scriptions,     1     2 

Postages, 2  15 

Report  of  Presi- 
dent's address, 2 


9     6 


2     0 


Balance — 

Cash  in  Union 
Bank,  as  per  pass 
book, 270     0     0 

Cash  in  Treasur- 
er's hands, 15    9 


24 


8 


-270  15     9 
£860  18     6 


After  their  examination,  the  Auditors  presented  the  following  Report : — 

^'  Glasgow,  lAth  April,  1858.— We  have  examined  the  above  statement  (made  by  the 
Treasurer),  and  compared  it  with  the  cash-book  and  vouchers,  and  we  find  it  to  be  conect, 
the  sum  in  the  Union  Bank  being  two  hundred  and  seventy  pounds  (£270),  and  in  the 
hands  of  the  Treasurer  15s.  9d.,  making,  in  all,  the  sum  to  be  carried  to  the  credit  of  the 
InatHution,  two  hundred  and  seventy  pounds  fifteen  shillings  and  ninepence. 

(Signed)  Geoboe  Hauvey,^ 

John  Wilkie,      ) 


'Auditors.' 


The  thanks  of  the  meeting  were  voted  to  the  Auditors. 
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The  following  gentlemen  were  duly  elected  Offioe-Bearers  for  the  Seeond 
Session  (1858-59)  of  the  Institution,  in  accordance  with  Regulations  24, 
85,  36,  87,  and  38,  which  were  read : — 

President 
W.  J.  Macquobn  Rankikb,  LL.D. 

Vice-Presidents, 
Walter  Neilson,  Esq. 
James  R.  Napier,  Esq. 
William  Tait,  Esq. 

CouneiUars, 
JoBK  Elder,  Esq. 
WiLUAM  S.  Dixon,  Esq. 
Neil  Robson,  Esq. 
David  Rowan,  Esq. 
Patrick  Stirling,  Esq. 
Andrew  M*Onib,  Esq. 
William  Johnstone,  Esq. 
Robert  B.  Bell,  Esq. 
Benjamin  Connor,  Esq. 
Alexander  Allan,  Esq. 

Treasurer. 
David  More,  Esq. 

Secretan/. 
Edmund  Hunt,  Esq. 


The  proceedings  were  terminated  by  a  few  remarks  from  the  Presi- 
dent, touching  on  the  successful  completion  of  the  first  session  of  the 
Institution,  and  the  commencement  of  a  new  session  in  the  ensuing 
October. 
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The  First  Meeting  of  the  Session  was  held  in  the  Philosophical  Society's 
Hall,  Andersonian  Buildings,  George  Street,  Glasgow,  on  Wednesday,  27th 
October,  1858— W.  J.  Macquorn  Rankine,  C.E.,  LL.D.,  F.R.S.S.L.  &  E., 
President,  in  the  chair. 


The  President  delivered  the  following  Introductory  Address : — 

Gentlemen, — ^When,  at  the  first  regular  meeting  of  our  first  Session, 
almost  exactly  a  year  ago,  I  had  the  honour  to  deliver  to  you  an  intro- 
ductory address  on  the  nature  and  objects  of  our  Institution,  I  ventured 
to  indulge  in  anticipations  of  success,  founded  on  the  character  of  engineer- 
ing industry  and  skill  in  this  city,  and  in  Scotland  generally.  I  have 
now  to  congratulate  you  on  the  fact  that  those  anticipations  have  not  only 
been  realized,  but  exceeded.  The  time  of  each  of  our  meetings  has  been 
iiilly  occupied  by  papers  and  discussions  of  great  interest  and  practical 
value.  Those  papers  and  discussions,  copiously  illustrated  by  drawings, 
have  been  published  in  a  volume  which  may  be  left  to  speak  for  itself. 
The  number  of  our  members  has  greatly  increased,  and  goes  on  increasing 
at  each  successive  meeting;  and  our  financial  position  is  perfectly 
satisfactory. 

I  shall  now  address  to  you  some  remarks  on  the  present  condition 
of  the  branches  of  practical  science  which  we  cultivate ;  on  the  extent 
to  which,  during  the  past  year,  they  have  been  advanced,  by  our  own 
labours  and  those  of  others ;  and  on  some  of  ,the  many  questions  which 
they  still  present  for  solution.  In  so  doing,  I  shall  not  have  to  enter  into 
a  detailed  analysis  of  the  papers  read  here  last  Session,  or  the  discussions 
on  them,  seeing  that  they  have  been  printed  in  the  volume  of  Transactions 
which  you  possess,  and  that  a  summary  of  their  subjects,  prepared  by  our 
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secretary,  is  contained  in  the  Report  of  the  Council  which  has  recently 
been  distributed. 

The  subject  of  decimal  measures  was  brought  before  us  by  the  papers 
of  Mr.  Neilson  and  Mr.  Holland,  and  discussed  at  three  meetings.  With 
reference  to  Mr.  Neilson^s  proposal,  that  the  French  system  of  measures 
should  be  adopted  at  once,  and  as  a  whole,  I  may  remind  you  that  doubts 
had  been  entertained  whether  so  great  and  sweeping  a  change  could  easily 
be  introduced  amongst  workmen,  and  that  various  members  mentioned 
instances  of  the  ready  adoption  by  workmen  of  French  measures,  tending 
to  remove  that  doubt.  I  am  happy  to  be  able  now  to  refer  to  additional 
facts  of  the  same  character,  tending  to  prove  that  amongst  intelligent 
artisans  (and  no  others  are  fit  for  engineering  work),  no  difficulty  what- 
soever would  be  met  with  in  the  introduction  of  the  metrical  scale.  I 
had  recently  the  satisfaction,  in  common  with  other  members  of  the 
British  Association,  of  visiting  the  locomotive  works  of  an  eminent 
engineering  firm  at  Leeds — ^Messrs.  Kitson,  Thompson,  and  Hevdtson  ;  and 
there  we  found  several  engines  in  progress  for  foreign  railways.  All  those 
engines  were  made  to  French  measures,  of  which  the  workmen,  with  the 
utmost  willingness,  had  learned  the  use  in  a  few  minutes.  It  appears,  in 
short,  that  the  metrical  system  is  being  introduced  by  degrees  into 
practice,  without  the  aid  either  of  legislation  or  of  the  action  of  societies. 
There  is  a  close  connection  between  the  subject  of  standards  of  measure, 
and  that  of  engineering  tools.  In  connection  with  the  latter  subject,  we 
had,  last  Session,  only  one  paper ;  that  of  Mr.  M'Cormick  on  his  screwing 
machine,  illustrated  by  the  machine  itself.  Papers  on  this  branch  of 
mechanics  are  much  to  be  desired,  and  would  prove  both  interesting 
and  useful. 

The  papers  by  Mr.  Morton  and  'Sir.  Lawrie,  on  the  expansive  working 
of  steam,  and  the  discussions  on  them,  liave  tended  to  elucidate  and  to 
establish  the  principle,  that  in  order  to  realize  the  economy  propexly  due 
to  expansion,  means  must  be  taken,  by  steam-jackets  or  otherwise,  to 
prevent  that  condensation  which  always  takes  place  in  saturated  steam 
when  it  performs  work  T>y  expansion,  without  being  supplied  with  heat 
from  an  external  source.  It  is  not  that  such  condensation  constitutes  of 
itself  a  loss  of  power,  but  that  the  liquid  water  produced  by  that  conden- 
sation, by  its  presence  in  the  cylinder,  acts  as  a  conductor,  difiuser,  and 
equalizer  of  heat,  and  tends  to  cool  the  steam  at  the  beginning  and  warm 
it  at  the  end  of  the  stroke,  and  thus  to  lower  the  initial  pressure  and 
injure  the  vacuum,  to  reduce  the  work  of  the  engine  below  that  which  is 
properly  due  to  the  expansion,  and  to  make  it  approximate  to  that  of  a 
full-pressure  engine,  working  at  some  pressure  intermediate  between  that 
of  the  admission  and  that  of  the  exhaust.     By  the  use  of  the  steam-jacket, 
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the  coudensation  of  a  certain  quantity  of  steam  is  not  prevented ;  but, 
instead  of  taking  place  in  the  cylinder,  it  is  made  to  take  place  in  the 
jacket,  where  the  liquid  water  produced  is  not  injurious.  The  liquefaction 
of  a  portion  of  the  steam  which  performs  work  by  expansion  was  deduced 
from  the  mechanical  theory  of  heat  in  1849.  Prior  to  that  time>  the 
whole  of  the  water  found  in  the  cylinders  of  engines  without  jackets,  was 
supposed  to  have  been  carried  over  from  the  boiler  by  priming. 

I  am  happy  to  recognize  in  the  papers  and  discussions  to  which  I  have 
referred,  as  well  as  in  papers  which  have  been  read  to  other  societies,  or 
which  have  appeared  in  the  mechanical  journals,  evidence  that  the  true 
principles  of  the  mechanical  action  of  heat,  foimdcd  on  Che  idea  that  heat 
is  not  a  substance,  but  a  form  of  energy,  are  making  their  way  amongst 
practical  men,  and  are  being  usefully  applied  by  them. 

As  a  means  of  facilitating  that  progress,  by  putting  the  expression  of 
those  principles  into  a  shape  more  familiar  to  practical  engineers  than 
their  present  form,  it  was  recently  suggested  by  Mr.  Stephenson,  that, 
instead  of  the  unit  of  heat  commonly  employed  in  scientific  treatises — 
viz.,  so  much  heat  as  one  pound  of  water  requires  In  order  to  raise  its 
temperature  by  one  degree — quantities  of  heat  shoiild  be  expressed  in 
terms  of  an  unit  which  practical  men  oflener  have  occasion  to  think  of, 
viz.,  so  much  heat  as  one  poimd  of  water  at  212''  of  Fahrenheit  requires^ 
in  order  to  convert  it  into  steam  at  the  same  temperature ;  or  what  is 
commonly  called,  "  the  latent  heat  of  one  pound  of  steam  at  212°  of 
Fahrenheit ;"  being,  in  fact,  the  unit  of  heat  now  commonly  employed  in 
comparing  the  effects  of  different  kinds  of  fuel,  and  different  forms  of 
furnace.  This  suggestion  of  Mr.  Stephenson  appears  to  be  well  worthy  of 
consideration  and  discussion. 

The  following  is  a  comparison  of  different  units  of  quantity  of  heat, 
British  and  French,  reduced  to  tlieir  equivalents  in  units  of  mechanical 
energy,  as  a  common  standard  of  comparison  based  on  the  experiments  of 
Joule. 

COMPARISON  OF  UMTITS  OF  HEAT. 

BRITISH  UNITS. 

Bqnlvalsat  eiierf7  tai 
foot-poundit. 

One  degree  of  Fahrenheit's  scale  in  a  pound  of  water, 772 

One  d^;ne  of  the  centigrade  scale  in  a  pound  of  water, Id90 

latent  heat  of  one  pound  of  atmospheric  steam, 7457541 

FRENCH  UNITS. 

Bqnir&lent  energy  in 
kilogrsmmfttiKs. 

One  degree  of  the  centigrade  scale  in  a  kilogramme  of  water, 428*7 

Latent  heat  of  one  kilogramme  of  atmospheric  steam, 22730 

One  kilogramm^tre  =r  7*23314  foot-pounds. 
One  foot-pound         •=  0*138253  kilog^ammMres. 
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Besides  the  proper  management  of  the  expansive  working  of  steam,  we 
have  another  means  of  improving  the  economy  of  power  in  the  cylinder 
of  the  steam-engine,  by  using  steam  heated  to  a  temperature  higher  than 
the  boiling  point  corresponding  to  its  pressure,  or  as  it  is  commonly  called, 
"superheated  steam.**  The  efficiency  of  any  engine  moved  by  the 
mechanical  action  of  heat  in  any  fluid,  is  the  greater,  the  greater  the 
difference  between  the  temperature  at  which  the  fluid  performs  its  work^ 
and  that  at  which  it  is  either  rejected  or  condensed,  as  the  case  may  be  ; 
and  the  use  of  superheated  steam  enables  us  to  work  at  a  high  temperature, 
without  producing  a  dangerous  pressure.  Although  the  practical  use  of 
superheated  steam  has  made  considerable  progress  of  late,  there  is  still  a 
scarcity  of  data  for  precise  calculation  on  the  subject ;  the  only  experiments 
on  the  laws  of  expansion  of  superheated  steam,  being  those  of  Mr.  Siemens, 
which  are  of  too  limited  extent. 

The  instances  which  practice  has  lately  afforded  of  improvements  in  the 
economical  working  of  steam,  are  so  numerous,  that  it  would  be  impossible, 
within  reasonable  limits,  to  give  even  a  condensed  view  of  them  all;  and 
if  I  now  select  one  case  as  an  example,  it  is  simply  because  the  economy 
in  that  case  was  ascertained  by  experiments  conducted  under  my  own 
inspection.  It  is  that  of  the  engines  furnished  by  Messrs.  Randolph  & 
Elder  to  Mr.  James  R.  Napier  for  the  steamer  Admiraly  which  he  lately 
built  for  a  Russian  company.  The  engineers  guaranteed  to  the  builder 
that  the  consumption  of  coal  should  not  exceed  three  pounds  per  indicated 
horse-power  per  hour,  and  the  actual  consumption,  as  ascertained  by  me, 
was  two  poimds  and  nineteen- twentieths.* 

The  steamer  which  I  have  now  mentioned  is  an  example  of  progress  in 
naval  architecture,  as  regards  the  precision  with  which  the  power  required 
to  propel  a  ship  of  a  given  size  and  shape  at  a  given  speed,  can  be  computed 
beforehand — a  point  of  the  highest  importance,  both  to  the  purchaser  and 
to  the  builder.  In  the  present  instance,  the  builder,  Mr.  James  R.  Napier, 
in  his  contract  with  the  purchasers,  bound  himself  under  heavy  penalties 
to  fulfil  conditions  as  to  draught  of  water,  cargo,  speed,  power,  and  con- 
sumption of  coal,  which  he  cotdd  not  possibly  assure  himself  of  fulfilling, 
except  by  being  able  to  compute  beforehand  the  resistance  and  propelling 

*  Displacement  of  the  Admiral, 820  tons. 

Length, 210  feet 

Breadth, 82    " 

Draoght  of  water, 7  J  " 

Midship  section, 214  square  feet. 

Speed, 12  knots. 

Indicated  horse-power,  inclnding  friction,     .  744 

Coal  burned  per  hour 2206  Iba. 
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power  of  the  ship  at  any  required  speed,  ^om  the  drawing  of  her  linea^  with 
Trery  great  precision :  and  in  this  he  was  perfectly  successful.  In  such 
calculations  as  these,  an  error  in  excess  is  as  fatal  as  an  error  in  defect ; 
for  if,  in  order  to  make  sure  of  fulfilling  the  contract  as  to  speed,  the 
engines  are  made  too  powerfiil,  they  become  also  too  bulky  and  heavy, 
and  the  conditions  as  ^  cargo  and  consumption  of  fuel  are  violated.  It 
is  true  that  by  the  common  method  of  calculation,  that  is,  by  making  the 
indicated  horse-power  proportional  to  the  square  of  the  lineal  dimensions 
multiplied  by  the  cube  of  the  speed,  the  power  required  by  a  proposed 
new  ship  may  be  computed  with  tolerable  exactness,  from  the  results  of  a 
previous  experiment  on  an  existing  ship  of  similar,  or  nearly  similar  figure 
and  proportions ;  but  if  no  such  experiment  has  been  made  or  recorded, 
and  especially  if  the  proposed  vessel  has  anything  new  and  unusual  in  her 
proportions  and  shape,  that  method  totally  £eu1s.  It  is  to  be  hoped  that  a 
great  body  of  useful  experimental  data  on  the  subject  of  the  propulsion 
of  ships,  whether  by  steam  or  by  sails,  will  be  collected  by  the  committee 
appointed  for  that  purpose  by  the  British  Association  during  their  meeting 
at  Leeds.  It  may  be  regarded  as  certain,  that  experiments  on  the 
resistance  of  models  are  almost  worthless  for  the  purpose  of  determining 
the  propelling  power  required  by  ships  of  figures  similar  to  those  of  the 
models.  The  forces  which  constitute  the  principal  part  of  the  resistance 
to  the  model  and  to  the  ship  respectively,  are  of  different  kinds,  and  follow 
different  laws :  in  short,  to  determine  the  laws  of  the  resistance  of  real 
ships,  we  require  experiments  on  real  ships,  and  such  are  the  experiments 
which  the  committee  in  question  propose  to  collect  and  arrange. 

I  must  not  quit  the  subjects  of  ship-building  and  marine  engineering 
without  referring  to  the  Qreat  Eastern;  and  I  am  sure  that  all  the  mem- 
bers of  this  Institution  will  concur  with  me  in  regretting  that  that 
unparalleled  work  of  Mr.  Brunei  and  Mr.  Scott  Russell  is  still  unfinished. 
Independently  of  her  great  size,  the  Qreai  Ecatem  is  a  most  beautiful 
example  of  good  figure  and  proportions,  and  the  finest  specimen  now 
existing  of  the  application  of  the  true  principles  of  strength  to  naval  con- 
struction. Her  intended  speed,  I  believe,  has  not  yet  been  announced  by 
authority;  but  with  eleven  thousand  indicated  horse-power,  which  is 
understood  to  be  the  intended  power  of  her  engines  under  ordinary  cir- 
cumstances, it  will  probably  be  between  fifteen  and  sixteen  knots  when 
loaded,  and  may,  of  course,  be  increased  by  working  the  engines  up  to  a 
higher  power,  and  by  the  aid  of  sails. 

It  is  gratifying  to  observe,  that  the  improvement  of  propulsion  on 
canals,  which  the  sudden  advancement  of  railways  at  one  time  caused  to 
be  neglected,  is  now  employing  much  skill  and  ingenidty. 

Mr.  Robson  and  Mr.  Milne  gave  this  Institution  last  Session  some 
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interesting  information  as  to  steam  propnlsion  on  the  Forth  and  Clyde  canal, 
showing  a  good  economic  result  Recent  experiments  on  the  Aire  and 
Calder  navigation  (as  stated  by  Mr.  Bartholomew  to  the  British  Associa- 
tion)^ have  shown  that  by  the  use  of  steam-tugs  for  the  conveyance  of 
minerals,  the  cost  of  locomotive  power  has  been  reduced  to  between  one- 
tenth  and  one>twelfth  of  a  penny  per  ton  per  mile  —the  usual  cost  of 
horse-power  being  one-eighth  of  a  penny.  It  is  still  much  to  be  desired 
that  a  practical  trial  should  be  made  of  Mr.  LiddeD's  mode  of  propulsion 
on  canals,  to  which  I  referred  on  a  former  occasion — viz.,  by  means  of 
fixed  steam  engines  and  endless  wire  ropes. 

The  subject  of  the  use  of  steam-power  in  pumping  water  to  supply  a 
town,  or  to  drain  mines,  was  brought  before  us  by  Mr.  Mackain  and  Mr. 
Neilson,  in  connection  more  especially  with  the  performance  of  direct- 
acting  engines,  in  which  a  considerable  saving  of  cost  and  resistance  is 
effected  by  the  comparative  simplicity  of  the  mechanism.  The  raising  of 
solid  material  from  mines  has  also  engaged  our  attention,  in  connection 
with  the  application  to  nune-hoists  of  Mr.  Robertson's  frictional  gearing. 

The  subject  of  mining  in  general  is  one  of  very  great  importance ;  and 
I  think  we  have  had  fewer  papers  upon  it  than  might  reasonably  have 
been  expected  in  a  locality  where  mining  is  carried  on  so  extensively,  and 
with  so  much  success.  I  hope  that  this  defect  will  be  filled  up  in  the 
present  and  future  sessions. 

I  am  sure  that  all  the  members  of  this  Institution  will  rejoice  at  the 
recent  opening  of  a  field  of  ironstone  in  the  outskirts  of  the  city  of  Glas- 
gow— ^an  event  which  must  contribute  not  only  to  the  prosperity  of  this 
neighbourhood,  but  to  that  of  the  whole  country.  It  is  a  remark  not  the 
less  true  for  being  commonplace,  that  coal  and  iron  are  the  roots  of  the 
material  greatness  of  Britain.  At  the  recent  meeting  of  the  British 
Association,  nothing  gave  greater  satisfaction  to  the  multitude  assembled, 
than  the  announcement  by  Professor  Phillips  that  the  lately-opened  iron- 
stone field  of  the  north-east  of  Yorkshire  is  likely  to  last  two  thousand 
years. 

Mr.  Johnstone^s  description  of  a  very  simple  and  efficient  joint-chair 
last  Session,  led  to  a  discussion  on  the  permanent  way  of  railwa3rs 
— a  subject  that  ought  always  to  occupy  much  of  our  attention, 
especially  when  we  can  obtain  the  results  of  the  practical  use  of  different 
systems. 

As  regards  railway  carriages,  the  tendency  of  the  present  day  is  to 
increase  their  length  and  capacity  in  imitation  of  those  used  in  America. 
Those  large  carriages  are  cheap  and  convenient ;  but  it  is  worth  considera- 
tion whether  their  length  and  weight  do  not  increase  the  danger  to 
passengers  in  the  event  of  a  collision — their  weight,  as  increasing  the 
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momentum  of  each  separate  carriage ;  and  their  length,  as  diminishing 
the  compressibility  ivhich  the  train  derives  irom  the  buffer-spiings. 
Much  remains  still  to  be  done  towards  increasing  the  comfort  of  railway 
carriages,  which  is  a  matter  not  merely  of  ease,  but  of  economy ;  for  a 
passenger  who  arrives  at  the  end  of  a  long  journey  in  a  condition  of 
fatigue  from  an  uncomfortable  carriage,  is  less  able  to  attend  to  business 
than  he  ought  to  be,  and  susttiins  a  loss  of  time,  which  is  equivalent  to  a 
loss  of  money. 

The  interesting  work  of  Mr.  Colbum  and  Mr.  Ilolley  on  European 
Railways,  has  furnished  abundant  evidence  of  the  fact  that  the  light  and 
cheap  mode  of  construction  which  is  common  in  America,  and  which, 
from  motives  of  economy  in  first  cost,  has  been  of  late  partially  intro- 
duced into  this  country,  not  only  fails  to  produce  any  real  economy,  but 
is  absolutely  ruinous  in  working  expenses. 

The  manufacture  of  locomotive  engines  is  making  great  progress,  through 
improvements  in  rapidity  and  exactness  of  workmanship.  The  peculiari- 
ties of  the  American  locomotives,  which  were  last  Session  very  fully 
explained  to  us  by  Mr.  Neilson,  are  attracting  attention  in  this  country, 
from  the  good  adaptation  of  those  engines  to  steep  gradients  and  sharp 
curves.  The  question  of  the  balancing  of  locomotives  was  brought 
before  us  by  Mr.  Lawrie,  and  we  received  interesting  information  respect- 
ing it  from  Mr.  Allan. 

.  The  use  of  coal  instead  of  coke  as  friel.for  locomotives,  is  rapidly 
spreading,  with  most  beneficial  results.  The  advantage  of  coal  over  coke, 
in  point  of  cheapness,  is  so  weU  known  as  to  need  no  comment ;  and  many 
members  of  this  Institution  must  have  had  occasion  to  observe  the  great 
superiority  of  coal  over  coke  in  raising  and  maintaining  a  high  pressure  of 
steam ;  the  effect  of  which  is,  that  the  same  engine  which,  with  coal  as 
fuel,  can  be  worked  expansively,  so  as  to  economize  the  heat  to  the  best 
advantage,  requires,  when  coke  is  used,  to  be  worked  at  fuU  pressure ;  so 
that  even  independently  of  the  higher  price  of  coke,  the  steam  works  less 
economically. 

Several  forms  of  locomotive  fire-box,  specially  adapted  for  burning  coal, 
have  lately  been  invented.  I  have  seen  it  burned  in  the  ordinary  fire- 
box without  the  production  of  any  smoke  whatsoever,  the  coal  gas  being 
entirely  consumed  before  the  fiame  entered  the  tubes ;  but  this  required 
careful  adjustment  of  the  opening  of  the  fire-door  on  the  part  of  the 
engine-driver  and  stoker,  so  as  to  admit  just  enough  of  air  above  the  fuel 
and  no  more. 

The  prevention  of  smoke,  besides  its  great  natural  importance,  has  of 
late  acquired  considerable  artificial  importance,  by  having  been  made  the 
subject  of  a  law.    It  is  well  known  tliat  the  prevention  of  smoke  is  accom* 


8  The  PtesidetU's  Address. 

plished  bj  producing  a  complete  combustion  of  all  the  constituents  of  the 
fuel ;  that  if  this  is  done  without  admitting  more  air  into  the  furnace  than 
is  necessary  for  complete  combustion,  it  promotes  economy  of  fuel ;  and 
that  there  are  a  great  number  of  inventions,  patented  and  unpatented,  any 
one  of  which  will  accomplish  that  object  if  properly  managed.  The  fun- 
damental principle  of  all  the  successM  inventions  for  preventing  smoke 
is  the  same,  viz : — ^to  introduce  enough  of  air  above  the  fuel  to  bum  the 
coal-gas,  and  enough  of  air  below  to  bum  the  fixed  carbon,  or  coke.  The 
number  of  those  inventions  has  become  so  great,  that  I  cannot  attempt 
to  enumerate  or  arrange  them ;  but  it  may  be  interesting  to  the  members 
of  this  Institution  to  hear,  that  one  of  the  most  convenient  and  useful  of 
these  contrivances,  the  introduction  of  air  through  tubes  perforated  with 
small  holes,  near  and  behind  the  bridge,  was  successfully  used  forty  years 
ago  at  Govan,  by  Mr.  Morris  Pollok. 

The  most  perfect  example  of  the  prevention  of  smoke  which  1  have 
lately  seen,  is  at  some  reverberatory  furnaces  into  which  blasts  of  air  are 
blown  by  a  &n,  both  above  and  below  the  fuel.  Before  this  system  was 
adopted,  those  furnaces  produced  smoke  almost  unequalled  for  thickness, 
blackness,  and  volume ;  and  now  there  is  no  smoke  whatsoever  emitted 
at  any  time,  and  there  is  a  great  saving  of  fuel.  The  blasts  are  regulated 
at  the  discretion  of  the  workmen  who  attend  to  the  furnaces.  By  stopping 
the  upper  blast,  volumes  of  black  smoke  in  the  old  style  can  be  repro- 
duced at  any  moment ;  but  the  re-admission  of  the  blast  instantly  converts 
that  smoke  into  flame. 

In  the  administration  of  the  law  for  the  prevention  of  smoke,  the  thing 
chiefly  to  be  avoided  is,  the  giving  a  preference  to  some  particular  method 
of  prevention,  and  the  enforcing  it  in  all  cases,  without  considering 
whether  it  is  suitable  to  each  particular  case.  Considering  how  many 
different  contrivances  are  available,  every  furnace-owner  ought  to  be  lefb 
as  far  as  possible  to  adopt  that  contrivance  which  appears  to  his  own 
judgment  to  be  the  most  convenient  and  suitable.  It  is  not  a  grievance, 
that  the  owners  of  boiler  furnaces,  and  furnaces  of  a  few  other  classes, 
should  be  prevented  from  making  smoke,  if  there  are  parties  to  whom 
smoke  is  a  nidsance ;  but  it  is  a  grievance  that  any  particular  method 
of  preventing  smoke  should  be  forced  upon  them. 

The  same  principle  is  true  with  respect  to  the  application  of  the  law  to 
all  branches  of  practical  mechanics.  Let  every  engineer,  every  manufac- 
turer, every  shipowner,  every  person  who  makes  or  uses  anything  which 
can  cause  nuisance,  damage,  or  danger  to  others,  be  fully  responsible  for 
all  the  nuisance,  damage,  and  danger  that  his  structures  or  machines  may 
occasion ;  but  let  the  means  of  preventing  those  evils  be  lefl  to  his  own 
judgment.     Any  other  course  lessens  his  feeling  of  responsibility,  and 
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tends  not  only  to  retard  the  progress  of  improvement,  but  to  produce  the 
very  evils  which  it  is  designed  to  prevent ;  and  such  is  the  effect  of  all 
regulation  by  authority  of  such  matters  as  the  thickness  of  a  boiler,  the 
thickness  of  the  plates  of  a  ship,  or  the  construction  of  her  frame. 

Nothing  can  tend  more  effectually  to  prevent  vexatious  interference 
of  the  legislature  with  engineering  and  manufactures,  than  the  belief  on 
the  part  of  the  nation  that  the  engineers  and  manufacturers  are  willing 
and  ready  to  exert  themselves,  in  order  to  render  their  works  free  from 
annoyance  and  danger  to  the  public.  That  belief  ought  to  be  strength- 
ened, and  I  have  no  doubt  is  strengthened,  by  the  fact  of  the  existence  of 
such  voluntary  associations  for  promoting  safety  and  economy  in  the  use 
of  steam,  as  that  which  has  for  three  years  been  successftilly  in  operation 
in  and  near  Manchester,  and  that  which  is  now  being  founded  in  Glasgow. 
Independently  of  their  advantages  in  promoting  safety,  such  associations 
are  of  most  essential  service  to  engineers,  by  collecting,'  recording, 
and  arranging  facts  as  to  the  efficiency  and  economy  of  furnaces  and 
engines ;  which  facts,  in  their  isolated  condition,  are  of  little  or  no  value, 
but,  being  collected  and  arranged,  lead  to  useful  practical  and  scientific 
conclusions. 

A  contribution  of  almost  unequalled  importance  has  lately  been  made 
to  our  knowledge  of  the  laws  of  the  strength  of  bdUers,  by  Mr.  Fairbaim's 
experiments  on  the  resistance  of  thin  tubes  to  collapse.  In  my  introduc- 
tory address  last  year,  I  referred  to  a  preliminary  report  on  those  experi- 
ments, which  had  been  read  to  the  British  Association  in  Dublin.  Since 
the  dose  of  our  last  Sessddn,  the  detsuled  account  of  those  experiments  has 
been  laid  before  the  Royal  Society,  and  will  probably  be  published  in  the 
Philosophical  Transactions  for  1858  ;  and  an  abstract  of  their  results  has 
been  read  to  the  British  Association.  Mr.  Fairbaim  finds,  that  the  inten- 
sity of  the  pressure  required  to  make  a  flue  or  other  thin  tube  collapse,  is 
directly  as  the  square  of  the  thickness  nearly,  inversely  as  the  diameter, 
and  inversely  as  the  length.  The  diminution  of  the  strength  of  a  flue,  as 
the  length  increases,  is  a  law  never  before  suspected.  For  computing  the 
pressure  in  pounds  on  the  square  inch,  which  makes  a  wrought-iron  flue 
collapse,  the  following  rule  is  sufficiently  near  the  truth  for  practical  pur- 
poses : — Multiply  the  constant  factor^  806,000,  hy  the  square  of  the  thickness 
in  inches^  and  divide  hy  the  ptoduet  of  the  length  m  feet^  and  diameter  in 
inches.  It  is  of  great  importance  to  strength  that  the  flue  should  be 
exactly  cylindrical ;  and  as  a  flue  with  lapped  joints  cannot  be  exactly 
cylindrical,  Mr.  Fairbaim  recommends  that  flues  should  be  made  with 
butt-joints  and  covering-strips. 

Upon  applying  the  law  thus  discovered  to  the  internal  flues  of  existing 
boilers,  it  appears  that  they  are  almost  all  too  weak,  being  id  general  only 
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one-third  of  the  strength  of  the  outer  shell,  instead  of  being  eqnalljr 
strong,  as  they  ought  to  be.  This  explains  much  of  the  mystery  which 
formerly  hung  over  the  cause  of  steam-boiler  explosions.  So  fiir  from  the 
number  of  such  explosions  being  a  matter  for  wonder,  the  marvel  is,  that 
any  boilers  with  internal  flues  have  escaped.  As  a  remedy  for  that  weak- 
ness, Mr.  Fairbaim  proposes  to  strengthen  long  flues  at  intervab,  by 
means  of  hoops  or  rings  of  T-iron ;  his  experiments  having  proved  that 
a  long  flue  so  hooped  is  as  strong  as  a  shorter  flue,  whose  length  is  equal 
to  the  distance  between  two  adjacent  rings.  This  strengthening  of  flues 
by  means  of  rings  is  not  absolutely  new  in  practice ;  but  the  principles 
on  which  it  depends,  and  the  rules  according  to  which  it  ought  to  be 
executed,  are  undoubtedly  the  discovery  of  Mr.  Fairbaim. 

I  may  now  call  your  attention  to  an  obvious  limitation  of  the  exactness 
of  Mr.  Fair  bairn's  formula.  It  cannot  be  true,  that  by  indefinitely 
lengthening  a  tube,  its  resistance  to  collapse  is  indefinitely  diminished ; 
neither  can  it  be  true,  that  by  indefinitely  shortening  a  tube,  its  resistance 
to  collapse  is  indefinitely  increased.  Mr.  Fairbaim*s  formula,  therefore, 
cannot  be  applicable  to  tubes  which  are  either  very  long  or  very  short, 
as  compared  with  their  thickness ;  although,  for  such  intermediate  lengths 
as  occur  in  boiler-flues,  it  is  sensibly  quite  accurate. 

Another  important  experimental  inquiry  into  the  laws  of  the  strength 
of  materials,  is  that  of  Mr.  William  Henry  Barlow,  on  the  resistance  of 
beams  to  breaking  across.  I  mentioned  in  my  introductory  address  last 
year,  the  general  nature  of  the  result  of  Mr.  Barlow's  first  series  of  expe- 
riments ;  and  I  have  now  only  to  state,  that  his  second  series  of  experi> 
ments  on  the  same  subject  has  appeared  in  the  Philosophical  Transactions 
for  1857.  In  the  same  volume  also  is  contained  an  important  series  of 
experiments  by  M.  Hodgkinson,  on  the  strength  of  pillars. 

Important  progress  has  of  late  been  made,  in  the  adoption  by  practical 
men  of  correct  principles  as  to  the  action  of  the  particles  of  a  beam  in 
resisting  fracture ;  the  knowledge  of  which  principles  had  formerly  been 
confined  to  a  few  mathematicians.  They  relate  chiefly  to  the  action  of 
the  shearing  force^  and  its  combination  with  that  of  the  bending  force^  which 
latter  was  at  one  time  the  only  circumstance  considered.  One  of  their 
results  is,  that  the  neutral  axis  of  a  beam,  as  it  is  called,  is  not,  as  it  used 
to  be  described,  a  place  of  no  strain  whatsoever  on  the  particles ;  but  is 
truly  a  place  where,  although  the  strain  in  a  horizontal  direction  due  to  the 
bending  force  is  nothing,  the  strain  due  to  the  shearing  force  is  a  maxi- 
mum, and  consists  in  a  tension  in  one  diagonal  direction  and  a  compression 
in  another,  each  making  an  angle  of  forty-five  degrees  with  the  horizon. 
Mr.  Stephenson  lately,  while  referring  to  this  fact,  proposed  a  very 
ingenious  method  of  verifying  it  experimentally.      On  the  side  of  an 
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unloaded  beam,  a  series  of  small  circles  are  to  be  drawn.  When  the  beam 
is  loaded,  each  of  those  circles  will  become  an  ellipse,  whose  dimensions 
are  to  be  measured.  It  will  be  found,  that  near  the  upper  side  of  the 
beam,  each  ellipse  has  its  longer  axis  vertical  and  its  shorter  axis  hori- 
zontal ;  that  near  the  lower  side,  each  ellipse  has  its  shorter  axis  vertical, 
and  its  longer  axis  horizontal ;  that  at  the  neutral  axis,  each  ellipse  has 
its  longer  and  shorter  axes  sloping  at  angles  of  forty-five  degrees,  and 
that  ellipses  in  intermediate  positions  have  intermediate  figures  and  obli- 
quities. 

The  construction  of  iron  bridges  of  great  size  still  continues  to  be  one 
of  the  leading  features  of  the  engineeiing  of  the  time.  The  forms  of 
bridge  which  have  been  practically  tested  may  be  divided  into  five  classes 
— ^the  arch,  the  suspension  bridge,  the  tubular  girder,  the  lattice  girder,  and 
the  bowstring  girder — of  each  of  which  I  shall  cite  one  recent  example : — 
the  arch,  exemplified  by  Mr.  Page's  Westminster  bridge,  which  has  the 
broadest  roadway  in  the  world ;  the  suspension  bridge,  by  the  bridge  of  the 
same  engineer  at  Chelsea;  the  tubular  girder,  by  Mr.  Stephenson's  enormous 
viaduct  across  the  St.  Lawrence  at  Montreal ;  the  lattice  girder,  exempli- 
fied, in  the  form  invented  by  Captain  Warren,  by  the  Crumlin  viaduct, 
which— constructed  by  Messrs.  Liddell  and  Gordon  as  engineers,  and  Mr. 
Kennard  as  contractor— crosses  the  vale  of  the  Taff  at  the  height  of  two 
hundred  and  twenty  feet;  and  the  bowstring  girder,  exemplified,  in  a 
novel  and  singular  form,  and  on  a  gigantic  scale,  by  Mr.  Bruners  viaduct 
at  Saltash,  in  which  the  string  of  the  bow,  which  in  the  original  form  of 
the  bowstring  girder  was  a  straight  tie,  is  made  to  take  a  curved,  or  rather 
a  polygonal  form,  and  to  act  as  a  suspension  chain.  The  great  works 
which  I  have  cited  as  recent  examples  of  viaducts,  are  interesting  in  other 
respects  besides  the  superstructure.  The  piers  of  the  Crumlin  viaduct, 
which  I  understand  to  have  been  designed  by  Mr.  Kennard,  consist  of  a 
skeleton  firamework  of  iron,  being  excellently  adapted  to  the  purpose  of 
attaining  an  immense  height  at  a  moderate  expense.  The  bases  of  the 
piers  of  the  new  Westminster  bridge,  may  be  briefly  described  as  con- 
sisting mainly  of  cast-iron  boxes  filled  with  concrete.  Those  of  the 
Victoria  bridge  at  Montreal  are  of  massive  granite  masonry,  remarkable 
for  the  cost  which  has  been  incurred  in  order  to  enable  the  piers  to  with- 
stand the  floating  ice  of  the  river.  The  central  pier  of  the  Saltash  viaduct 
is  founded  by  a  process  originally  practised  at  the  new  Rochester  bridge, 
but  never  before  carried  out  on  so  great  a  scale,  consisting  in  the  sinking 
of  vertical  iron  cylinders  filled  with  compressed  air,  inside  of  which  the 
excavators  and  masons  work. 

The  completion  of  those  great  structures  will  furnish  important  data  for 
settling  the  question  as  to  the  most  economic  mode  of  crossing  wide 
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Yallejs  at  great  heights,  and  of  founding  heavy  structures  under  diffieul' 
ties  of  various  kinds. 

A  sixth  class  of  bridge,  which  I  mention  apart,  because  it  has  not  yet 
been  practically  tested,  its  probable  success  having  been  inferred  from 
theoretical  calculations  verified  by  experiments  on  a  reduced  scale,  is  the 
suspension  bridge,  adapted  to  tlie  passage  of  railway  trains  by  a  stiffening 
framework,  of  dimensions  greater  than  those  hitherto  employed,  and 
sufiicient  to  make  the  bridge  as  stiff  as  a  tubular  or  a  lattice  bridge  of 
the  same  strength.  This  b  the  design  of  Mr.  P.  W.  Barlow's  bridge  at 
Londonderry,  to  which  I  referred  in  my  address  last  year.  Should  that 
bridge  answer  its  purpose  of  safely  canying  trains  at  considerable  speed, 
it  will  probably  be  found  to  be  the  cheapest  mode  of  crossing  spaiia 
which  lie  between  certain  limits. 

A  very  happy  adaptation  of  the  suspension  bridge  ia  its  use  to  carry 
canals.  When  used  ibr  that  purpose,  the  suspension  bridge  requires  no 
stiffening  framework,  and  is  subject  to  no  undulations,  except  such  as  may 
be  caused  by  the  wind ;  for  as  each  boat  displaces  its  own  weight  of  water, 
the  load  is  always  uniformly  distributed.  This  invention  of  Mr.  Boebling 
has  been  employed  with  success  in  America,  but  has  not  yet  been  intro- 
duced into  Britain.  It  i»  probable  that  it  might  be  found  an  easy  and 
cheap  method  of  carrying  aqueducts  for  the  supply  of  towns,  or  of  water- 
mills,  across  deep  valleys. 

In  connection  with  the  storing  and  conveyance  of  water  for  such  pur- 
poses, I  shall  now  refer  to  an  important  improvement  in  the  gauging  of 
the  flow  of  streams  of  water  by  means  of  weirs  or  "  notdk-boards,"'  which 
has  recently  been  introduced  by  Professor  James  Thomson  of  Bel&st. 
Hitherto  it  has  been  the  practice  to  gauge  sudi  streams  by  causing  them 
to  flow  through  rectangular  notches  in  vertical  boards  or  weirs,  and 
observing  the  height  at  which  the  still  water  behind  the  weir  stands  above 
the  lower  edge  of  the  notch.  The  mean  velocity  of  the  stream  of  water 
which  falls  over  that  edge  in  the  form  of  a  cascade,  bears  a  certain  pro- 
portion to  the  velocity  which  a  heavy  body  would  acquire  by  fidling 
through  the  height  already  mentioned.  The  sectional  area  of  the  same 
stream  is  found  by  multiplying  the  product  of  the  same  height  and  of  the 
breadth  of  the  notdb,  by  a  factor  called  the  "  coeflicient  of  contraction.'^ 
The  product  of  the  mean  velocity  of  the  stream  into  its  sectional  area, 
gives  the  volume  of  water  discharged  in  a  second, 

A  serious  imperfection  in  this  method  consbts  in  the  uncertainty  and 
variability  of  the  '*  coefficient  of  contraction,"  which  is  different  for  dif- 
ferent heights,  and  also  for  every  different  proportion  of  the  height  to  the 
breadth  of  the  notch,  and  is  consequently  variable  for  the  same  stream 
lowing  through  the  same  notch,  when  the  volume  of  the  flow  varies.     It^ 
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variation  has  not  been  reduced  to  anj  general  law ;  and  the  value  to  be 
assigned  to  it  in  each  particular  case,  has  to  be  taken  from  voluminous 
tables  of  experiments  by  Poncelet  and  Lesbros.  Engineers  are  conse- 
quentlj  often  compelled,  sometimes  b j  the  want  of  those  tables  and  some- 
times by  want  of  time  for  their  use,  to  employ  an  approximate  average 
coefficient  of  contraction,  and  thus  to  compute  the  flow  from  sources  of 
water  in  a  rough  and  inaccurate  way. 

This  evil  obviously  arises  mainly  from  the  fact,  that  the  section  of  the 
stream  flowing  through  a  rectangular  notch  is  not  a  similar  figure  when 
the  £ow  is  large  and  when  it  is  small ;  and  Mr.  Thomson  has  therefore 
adopted  a  form  of  notch  in  which  the  section  of  the  stream  is  always  of 
similar  figure ;  that  is  to  say,  a  triangle  with  the  apex  turned  downwards. 
For  such  a  not^,  the  coefficient  of  contraction  is  either  constant,  or  very 
nearly  so. 

Mr.  Thomson's  experiments,  which  are  made  at  the  expense  of  the 
British  Association,  are  not  yet  complete;  but  they  are  sufficiently 
advanced  to  have  enabled  him  to  publish  a  formula  applicable  to  cases  in 
which  the  velocity  of  the  stream  in  the  pond  behind  the  weir  is  insensible. 
The  great  utility  of  that  formula  induces  me  to  state  it  now,  though  in 
terms  diflering  a  little  from  those  in  which  Mr.  Thomson  has  expressed  it. 

For  the  mean  velocity  of  the  stream,  take  eight-fifteenths  of  the  velocity 
due  to  the  height  of  fidl  from  the  surface  of  the  pond  to  the  apex  of  the 
notch.  For  the  area  of  the  contracted  stream,  take  five-eighths  of  the  area 
of  the  triangle  bounded  by  the  top- water  level  and  the  edges  of  the  notch. 
In  other  words,  the  volume  of  the  flow  is  the  area  of  that  triangle,  multi- 
plied by  one-third  of  the  velocity  due  to  the  height  before  mentioned. 

Mr.  Thomson's  improvement  in  the  measurement  of  sources  of  water 
comes  at  a  good  time ;  for  the  economic  use  of  those  sources  is  becoming 
every  day  of  greater  importance.  The  subject  of  the  water-supply  of 
lai^e  towns  has  of  late  been  so  frdly  discussed  that  I  shall  not  now  enlarge 
apon  it,  especially  as  we  may,  perhaps,  hope  at  a  future  period  to  have  it 
befoie  us  in  a  most  interesting  shape,  when  the  works  now  in  progress  for 
the  supply  of  Glasgow  shall  be  completed.  Another  important  and  very 
ancient  use  of  sources  of  water  is  for  the  obtaining  of  motive-power ;  and 
that  is  a  use  which  no  degree  of  abundance  or  cheapness  of  coal  ought  to 
induce  us  to  neglect ;  for  every  horse-power  obtained  on  land  by  the  proper 
application  of  streams  of  water,  sets  free  a  certain  quantity  of  coal  to  be 
employed  at  sea  or  in  locomotive  engines.  It  is  well  known  that  when 
rivers  are  left  in  their  natural  condition,  their  flow  is  so  irregular,  from 
the  alternation  of  floods  and  droughts,  that  a  small  fraction  only,  such  as 
a  third  or  a  fourth  of  the  whole  volume  of  water  which  flows  down,  can 
be  made  available  for  water-power.     The  remainder,  beinf:^  the  surplus 
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water  which  comes  down  during  floods,  usually  does  much  damage,  and 
effects  no  useful  purpose  except  sweeping  away  deposits  in  an  uncertain 
manner  and  at  irregular  intervals.  The  remedy  for  that  evil  is  the  well- 
known  and  obvious  one  of  forming  store  reservoirs  in  suitable  sites  on  the 
course  of  each  stream,  in  order  to  store  up  the  surplus  waters  of  floods, 
and  to  let  them  down  by  degrees  so  as  to  increase  the  ordinary  flow 
available  for  motive-power  and  other  useful  purposes. 

That  remedy  has  been  extensively  applied  to  small  streams,  such  as  the 
AUander  and  the  White  Cart  in  this  neighbourhood,  the  Shaws  water 
near  Greenock,  and  others ;  but  the  larger  rivers  are  left  nearly,  if  not 
altogether,  in  their  natural  irregular  condition.  It  was  long  ago  pointed 
out  by  Mr.  Adam,  that  the  valley  of  the  Clyde,  above  the  Falls,  presents  a 
site  where  a  large  quantity  of  water  could  be  stored  at  a  moderate  cost,  to 
be  used  for  motive-power  and  other  purposes.  A  similar  scheme  was,  at  a 
later  period,  proposed  by  Mr.  Thomas  Kyle,  for  the  water-supply  of  Glas- 
gow ;  and  a  few  weeks  ago,  Mr.  Hill  of  Barlanerk  proposed  its  revival, 
with  a  view  more  especially  to  the  use  which  might  be  made  of  the  water- 
power  so  obtained  for  the  removal  of  sewerage. 

There  can  be  little  doubt  that  the  storing  and  equalizing,  to  a  certain 
extent,  of  the  flow  of  the  Clyde,  might  be  rendered  remunerative ;  for,  if 
the  probable  demand  for  the  additional  water-power  which  would  be  ren- 
dered available  were  first  ascertained,  the  magnitude  of  the  storage  works 
could  be  adjusted  to  that  demand.  With  respect  to  the  sewerage  of 
Glasgow,  there  is  one  benefit  which  would  obviously  arise  from  a  partial 
equalizing  of  the  flow  of  the  Clyde,  even  under  the  present  system  of 
drainage.  It  appears  from  the  experiments  reported  by  Dr.  Anderson 
and  Mr.  Bateman,  that  sewerage  which  flows  into  the  Clyde  at  Glasgow, 
when  the  river  is  low,  takes  a  month  to  reach  Dumbarton;  so  that  it 
travels  at  the  rate  of  about  half  a  mile  a  day.  Were  the  flood-waters  of 
the  Clyde  stored,  even  to  a  moderate  extent,  and  let  out  by  degrees,  the 
fresh-water  current  would  never  ^1  to  that  extreme  sluggishness  which 
has  been  proved  by  those  experiments,  and  the  sewerage  could  be 
carried  away  with  a  greatly  increased  velocity. 

I  have  now  been  led  by  degrees  to  the  most  perplexing  problem  ever 
submitted  to  engineers — ^that  of  the  drainage  of  large  towns ;  complicated 
as  it  is  with  chemical,  physiological,  agricultural,  commercial,  and  social 
questions ;  of  which  almost  all  that  can  be  said  is,  that  if  much  labour 
and  thought  have  been  expended  on  them,  much  more  are  still  required. 
The  opinion  of  many  competent  judges  appears  to  be,  that  if  physical  cir- 
cumstances were  to  be  alone  considered,  the  best  method  for  the  cleansing 
of  cities  would  be  to  remove  as  much  of  their  refuse  as  possible  in  the 
solid  form,  combined  with  dry  deodorizing  substances ;  but  against  that 
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plan  there  has  been  urged  the  objection,  in  a  social  point  of  view,  that  the 
change  of  customs  which  its  adoption  would  involye  is  impracticable  in 
Britain.  I^  then,  the  refuse  of  cities  is  to  be  removed  altogether  in  the 
form  of  liquid  sewerage,  any  means  of  rendering  that  sewerage  harmless,  at  a 
moderate  cost,  whether  it  is  to  be  discharged  into  the  sea  or  into  a  river, 
or  used  for  the  irrigation  of  land,  must  be  most  valuable.  According  to 
the  report  of  Dr.  Anderson  and  Mr.  Bateman,  such  means  are  afforded  by 
an  invention  of  Dr.  Angus  Smith  and  Mr.  M^Dougall,  consisting  in  the 
addition  of  sulphurous  acid  and  carbolic  acid  to  the  liquid  sewerage.  The 
use  of  certain  substances  distilled  from  coal  for  that  purpose,  was  some 
time  ago  proposed  by  Mr.  John  Tennent,  manager  of  St.  Rollox  Chemical 
Works.  It  would  be  foreign  to  the  province  of  this  Institution  to  enter 
into  chemical  questions  in  detail.  The  mechanical  branch  of  the  subject 
will  probably  be  soon  brought  before  us  again. 

From  sanitary  engineering  the  transition  is  natural  to  the  art  of  defence 
against  human  enemies,  of  which  we  had  an  example  last  Session  in  the 
improved  rifle-sight  of  Mr.  Lawrie.  Many  experiments  on  that  art  are  in 
progress  in  different  parts  of  the  world,  especially  on  artillery  and  the 
strengthening  of  ships.  The  most  curious  contrivance  in  the  art  of  war 
which  has  recently  been  published  is  that  of  Mr.  Mackintosh,  for  suffo* 
eating  an  enemy  by  the  smoke  of  naphtha  and  sulphuret  of  carbon. 

In  harbour  and  dock  engineering  the  limited  time  now  remaining  only 
permits  me  to  refer  to  those  excellent  examples  which  exist  in  our  imme- 
diate neighbourhood,  and  to  hope  that  the  engineers  of  those  works  may 
be  induced  to  give  a  description  of  them  to  this  Institution. 

The  last  subject  to  which  I  shall  refer  is  that  of  submarine  telegraphs. 
With  respect  to  the  Atlantic  telegraph,  it  must  be  admitted  that  even  in 
the  event  of  its  being  found  impossible  to  repair  the  fault  in  the  existing 
cable,  the  experiment  which  has  been  made  will  have  answered  the  pur* 
pose  of  proving  the  practicability  of  the  undertaking,  and  of  furnishing  its 
promoters  with  that  experimental  knowledge  of  its  difficulties  and  dangers 
which  will  enable  them  afterwards  to  avoid  or  overcome  those  obstacles, 
so  as  to  insure  the  permanent  efficiency  of  the  next  cable  that  shall  be  laid. 
The  great  improvements  lately  made  by  Professor  William  Thomson  in 
apparatus  for  transmitting  and  receiving  electric  signals,  will  much  facilitate 
the  use  of  all  telegraphic  lines  of  great  length ;  having  in  fact  enabled 
intelligible  messages  to  be  sent  through  the  Atlantic  Cable,  when  other 
means  had  failed.  The  Red  Sea  cable  will  probably  be  laid  with  the  success 
which  has  hitherto  attended  the  operations  of  Messrs.  Newall  &  Co.  There 
will  soon  be  a  submarine  telegraph  across  Basses  Straits,  to  connect 
Australia  with  Tasmania. 

Thus  far  I  have  endeavoured  to  fulfil  one  of  the  duties  of  the  President 


16  The  President's  Address. 

of  this  Institution,  bj  giving  an  outline  of  the  recent  progress  and  present 
state  of  some  at  least  of  the  many  branches  of  the  vast  subject  of  engi- 
neering and  mechanics.  In  conclusion,  I  again  congratulate  the  members 
of  this  Institution  on  the  extent  to  which  it  has  contributed  to  that  pro- 
gress, and  on  the  prospect  which  it  enjojs  of  continuing  that  good  work 
with  success  and  honour. 


The  Secretary  then  read  the  following  Report : — 
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REPORT  OF  THE  COUKCIL  OF  THE  INSTITUTION  OF  ENOINEERS 
IN  SCOTLAND. 

October  27,  1858. 

The  council  haye  the  following  particulars  to  add  to  the  statements 
already  submitted  to  the  Institution  in  the  prospectus  issued  in  August 
last 

Of  the  118  members,  1  associate,  and  8  graduates,  forming  the  Insti- 
tution at  the  termination  of  the  First  Session  in  April  last,  82  members, 
1  associate,  and  6  graduates,  or  nearly  one-third  of  the  whole  joined  it 
daring  the  Session ;  and  it  is  hoped  l^hat  members  vriU  exert  themselves  to 
obtain  an  equal,  if  not  a  greater  increase  of  members,  during  the  ensuing 
Session. 

The  whole  of  the  expenses  connected  with  the  First  Session  having  now 
been  ascertained,  a  more  complete  view  of  the  financial  condition  of  the 
Institution  can  be  given  than  was  possible  in  April  last.  From  the  state- 
ment submitted  by  the  treasurer,  it  appears  that  the  subscriptions  received 
during  the  Session  amounted  to  £360.  13s.  6d.  In  making  a  comparison 
of  the  receipts  and  expenditure  appertaining  exclusively  to  that  Session, 
it  will  be  well  to  divide  this  amount  into  two  sums,  namely,  £117. 12s.  the 
"  Entrance  Fees,*^  or  extra  portions  of  the  subscriptions  payable  the  first 
year  only ;  and  £243.  Is.  6d.,  the  amount  of  the  regular  portions  of  the 
subscriptions  payable  annually.  From  the  first  amoimt,  which  may  be 
termed  the  entrance  fund,  there  fall  to  be  deducted  the  expenses  connected 
with  the  establishment  of  the  Institution  incurred  prior  to  the  commence- 
ment of  the  Session,  amotmting  to  £24.  6s.,  and  leaving  a  balance  of  £93.  6s. 

The  expenses  exclusively  appertaining  to  the  First  Session,  are  as 
follows : — 

Secretary's  Salary, £80  0  0 

Fee  to  the  Officer  of  the  PbiloMpldiaa  Society, 6  0  0 

CHrcolarB  for  MeetfaigB,  Stationery,  oonecdng  a  portion  of  Sahecrip- 

tions,  PoBtagee,  &c., 20  6  0 

Printing  the  Tranaactions  (800  Copies), 69  2  0 

In  all, 174    8    0 

Which,  deducted  ftom  the  amount  of  the  regular  Sahscriptions, 248    1    6 

Leaves  a  balaaee  of £68  18    6 

This  balance,  added  to  the  entrance  fund  balance,  makes  a  total  of 

c 
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£161.  19s.  6<L  at  the  credit  of  the  Infltitation.     This  state  of  finanrial 
matters  is  very  satisfactory. 

It  is  understood  that  the  Philosophical  Society  will  require  a  payment 
of  about  £15  for  the  use  of  the  hall  during  the  ensuing  Sestton.  Hie 
council  believe  that  this  haU  is  in  every  respect  the  best  in  Ghisgow  for 
their  meetings,  and  they  have  no  doubt  the  Institution  vrill  authorize  them 
to  engage  it  from  the  Philosophical  Society. 

The  council  having  been  appointed  by  the  Institution  to  consider  as  to 
the  best  means  of  obtaining  for  Scotland  the  benefits  of  such  an  Institution 
as  the  Manchester  Association  for  the  Prevention  of  Boiler  Explosions, 
have  held  several  meetings  for  that  purpose.  Their  deliberations  resulted 
in  the  calling  of  a  public  meeting  of  users  of  steam  residing  in  and  near 
Glasgow,  to  ascertain  the  feeling  on  the  subject  of  those  most  interested 
in  it  To  lay  before  that  meeting  they  prepared  a  draft  code  of  rules  fi>r 
the  constitution  and  government  of  an  association,  the  establishment  of 
which  they  recommended.  The  public  meeting  was  held  on  the  Ist 
September  last,  when  a  resolution  was  unanimously  passed  to  the  effsct, 
that  there  should  be  established  in  Glasgow  an  Association  for  Promoting 
Safety,  Economy,  and  the  Absence  of  Smoke  in  the  raising  and  use  of 
Steam ;  and  a  committee  of  influential  gentlemen  was  appointed  to  take 
the  necessary  steps  for  the  establishment  of  the  proposed  association.  A 
meeting  of  that  committee  was,  by  circular,  called  for  to*day;  but  a 
quorum  not  being  present.,  the  meeting  was  adjourned. 

Some  expense  has  necessarily  been  incurred  by  the  council  in  the  steps 
taken  by  them  for  the  establishment  of  the  proposed  Boiler  Association, 
which  will  be  repaid  by  the  association  when  it  is  organized ;  but  the 
authorization  of  the  Institution  is  requested  for  the  advancement,  in  the 
meantime,  of  a  stun  not  exceeding  £10,  to  cover  it. 

The  council  were  last  Session  appointed  to  consider  and  report  on  the 
subject  of  Decimal  Divisions;  they  have  not,  however,  been  able  to  take  this 
matter  up  as  yet,  the  time  at  all  their  meetings  having  been  wholly 
occupied  by  the  affairs  of  the  Institution,  and  by  the  consideration  of  the 
proposed  Boiler  Association.  The  council  have  not  yet  received  the  report 
of  the  committee  appointed  to  investigate  and  report  upon  the  subject  of 
Blowing  Fans. 

In  conclusion,  the  council  wish  to  call  the  attention  of  members  to  the 
list  of  subjects  for  papers  given  in  the  prospectus  refen-ed  to.  The 
experience  of  last  Session  affords  sufficient  indication  that  the  members 
of  the  Institution  can  furnish  an  ample  supply  of  valuable  papers,  but 
there  is  a  tendency  to  bring  these  forward  at  the  end,  rather  than  at  the 
commencement  of  a  Session ;  the  council  have  therefore  to  urge  upon 
members  the  desirableness  of  giving  early  notice  of  papers  proposed  to  be 
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read.  Attention  to  this  will  undoubtedly  render  the  airangements  for  the 
meetings  more  satisfactory,  and  make  the  Institution  generally  more 
efficient  and  useful 


The  report  haTing  been  read,  the  Peesident  moved  that  it  be  approved 
o^  and  that  the  payments  for  the  rent  of  the  Hall,  and  for  the  Boiler 
Association,  be  authorized. 

This  motion  was  seconded  by  Mr.  Walter  Neilson,  and  unanimously 
a^eed  to. 


The  following  paper  was  then  read : — 
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On  a  Centnyugal  Pump  with  Exierior  Whir^Molj  eonstrueied  for  Drwmmg 
Land.     By  Professor  James  THOXflOK^  of  Belfast 

The  centiifiigal  pump  wlucb  forms  the  subject  of  the  present  commume&- 
tion  has  been  designed  and  constructed  in  the  course  of  this  year,  for 
Messrs.  James  Ewing  &  Co.  of  Glasgow,  for  the  drainage  of  lands  belong- 
ing to  them  in  Demeranu 

The  cultivated  dutrict  of  Demerara  in  which  the  lands  referred  to  are 
situated,  forms  a  narrow  strip  or  belt  of  low  ground  extending  along  the 
sea-coast.  It  is  about  four  or  five  nules  wide,  as  measured  from  the  sea 
back  towards  the  interior.  It  lies  generally  below  the  level  of  high  tide ; 
and  is  protected  in  front  against  the  waters  of  the  sea,  and  in  rear  against 
the  waters  of  the  Sayannahs,  or  inland  swamps,  by  embankments.  The 
district  was  originally  embanked  and  reclaimed  by  the  Dutch,  and  was 
taken  from  them  by  the  English  in  1796,  along  with  other  parts  of  what 
now  forms  British  Guiana.  The  drainage  b  ordinarily  effected  by  Talves 
or  kokersj  as  they  are  designated,  which  discharge  to  the  sea  when  the  tide 
is  low,  but  hinder  the  entrance  of  the  tidal  water  when  it  rises.  Of  late 
years  banks  of  soft  and  shifting  mud,  or  slob,  have  been  gathering  and 
increasing  for  great  distances  out  to  sea,  for  miles  perhaps,  in  fi^nt  of  some 
of  the  estates.  These  banks,  by  stopping  the  drainage  outlets  to  the  sea, 
have  caused  several  estates  to  be  swamped,  and  have  been  threatening 
like  destruction  to  others.  Some  estates,  it  is  understood,  have  been 
saved,  mainly  by  the  employment  of  centrifugal  pumps  driven  by  steam 
power,  which  keep  up  the  drainage  when  the  slob  rises  so  high  as  to  stop 
the  ordinary  flow  to  the  sea  by  gravitation  through  the  valves  or  hokers ; 
and  which,  by  keeping  up  a  run  of  water  over  the  slob,  tend,  as  is  believed, 
in  a  material  degree,  to  keep  open  the  outlet  channels  through  the  slob, 
or  to  open  them  again  when  choked  up  by  the  shifting  of  the  mud  banka. 
Some  of  the  estates  of  Messrs.  James  Ewing  &  Co.,  after  having  been 
seriously  threatened  for  several  years  by  the  approach  of  mud  banks  to 
their  frt>nt,  were  last  year  partially  injured  by  deficient  drainage;  and  thus 
the  proprietors  were  led  to  determine  on  speedily  procuring  a  centrifugal 
pump,  to  be  driven  by  a  steam-engine  already  existing  on  their  land,  as 
the  driving  power  for  one  of  their  sugar  mills.  They  engaged  the  writer 
to  prepare  the  designs  according  to  an  improved  arrangement,  which  had 
been  devised  by  him  for  increasing  the  work  done  by  a  given  power,  the 
main  feature  of  which  is  the  employment  of  an  exterior  whirlpool  round 
the  circumference  of  the  pump  wheel.     The  exterior  whirlpool  had  been 
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preriotislj  introduced  in  a  centrifugal  pump  designed  by  bim  in  1858,  for 
Messrs.  James  Ewing  &  Ck).,  for  drainage  of  lands  on  an  estate  of  theirs  in 
Jamaica,  and  constructed  by  Messrs.  W.  &  A.  MK)nie  &  Co.  of  Glasgow. 
It  bad  also  more  recently  been  introduced  in  a  centrifiigal  pump  con- 
structed according  to  bis  designs  by  Messrs.  Bobert  Napier  &  Sons,  for 
a  steamer  for  the  Great  West  of  Scotland  Fishery  Company.*  The 
nature  of  this  modification  in  centrifugal  pumps,  consisting  of  the  intro- 
duction of  the  exterior  whirlpool  may  be  understood  from  the  following 
explanations : — 

In  centrifugal  pumps  for  water,  or  fans  for  air,  when  doing  actual  work 
in  lifting  the  fluid,  or  in  forcing  it  against  a  pressure,  the  fluid  has  neces- 
sarily a  considerable  tangential  Telocity  on  leaving  the  circumference  of 
the  wheel.  This  Telocity  in  wheels  in  which  the  Tanes  or  blades  are 
straight  and  radial,  is  the  same  as  that  of  the  circiimference  of  the  wheel ; 
in  others,  in  which  the  Tanes  are  cunred  backwards  in  receding  from  the 
centre,  it  is  somewhat  less ;  but  in  all  cases  it  is  so  great  that  the  water  on 
leaving  the  wheel  carries  away,  in  its  energy  of  motion,  a  large  and  impor- 
tant part  of  the  work  applied  to  the  wheel  by  the  steam-engine,  or  other 
prime  moTer.  This  energy  of  motion  in  centrifugal  pimips  and  fans,  as  ordi- 
narily constructed,  b  mainly  consumed  in  friction  and  eddies  in  the  discharge 
pipe,  which  receives  the  water  or  air  directly  from  the  circumference  of 
the  wheel.  The  object  of  the  introduction  of  the  exterior  whirlpool  is  to 
prevent  this  waste,  and  to  apply  usefully,  towards  increasing  the  pumping 
power,  the  energy  of  the  motion  inherent  in  the  fluid  on  its  leaTing  the 
circumference  of  the  wheeL  For  this  purpose  there  is  proTided,  round 
the  circumference  of  the  wheel,  an  exterior  chamber,  in  which  the  fluid  is 
left  free  to  reTolTe,  in  Tirtue  of  the  motion  it  had  on  leaTing  the  wheel. 
Thb  chamber  may  be  called  the  eosterior  whirlpool  diamber^  and  its  diameter 
is  ordinarily  made  about  double  that  of  the  wheel.  The  fluid  reTolTing 
in  it  assumes  the  condition  of  a  Tortex  or  whirlpool,  which  has  been 
designated  by  the  writer  as  the  Vortex  or  Whirlpool  of  fi«e  mobility: 
The  principles  of  the  motion  of  this  kind  of  whirlpool,  and  of  its  applica- 
tion in  improving  the  action  of  centrifugal  pumps  and  blowing  fims,  was 
first  brought  forward  at  the  Belfast  meeting  of  the  British  Association  in 
1S52,  in  a  paper  read  in  the  mechanical  section,  of  which  an  abstract  is  to 
be  found  in  the  report  of  the  meeting.  The  chief  properties  for  which  this 
whirlpool  is  remarkable,  are,  that  its  particles  moTe  with  Telocities 
inversely  proportional  to  their  distances  from  the  centre  or  axis  of  rotation, 
and  that  each  particle  composing  it  is  free  to  moTe  to  any  position  within 
the  whirlpool,  without  interfering  with  the  general  motion  of  the  other 

*  See  TrwMoctiont  i^lhe  JruUitUion  qf  Engineers  in  Scotland^  vol.  i.  p.  90. 
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jwrtidefl,  as  each  one  in  moving  towards  or  from  the  centre  assumes  of 
itself  subject  simply  to  the  laws  of  motion  under  a  central  force,  1h.e 
Telocity  due  to  its  position  in  the  whirlpool  It  is  also  a  property  of  this 
whirlpool,  that,  for  any  equal  particles,  in  whatever  situations  in  it  thej 
may  momentarily  be,  the  sum  of  the  energies  corresponding  to  Telod^, 
to  pressure,  and  to  height,  is  constant  Thus  it  arises  that,  in  the  exterior 
whirlpool  in  the  pump  for  raising  water,  as  each  particle  of  the  wat^r,  in 
moving  from  the  centre,  gives  up  its  velocity  according  to  the  lawr  of 
motion  already  stated,  it  either  actually  ascends  or  becomes  subject  to  a 
pressure  capable  of  causing  it  to  ascend,  through  a  height  corresponding 
to  the  energy  deducted  from  its  motion.  It  follows,  therefore,  that 
through  the  medium  of  the  exterior  whirlpool  a  decided  increase  in  the 
working  efficiency  of  centrifugal  pumps  is  attainable ;  the  work  contained 
in  the  rapid  motion  of  the  water  leaving  the  wheel,  which  in  centrifugal 
pumps  as  ordinarily  constructed  is  wasted,  being,  according  to  the  new 
arrangement,  usefully  employed  in  increasing  the  pumping  power  of  the 
machine. 

To  arrive  by  a  simpler  meihod,  than  that  just  given,  at  a  general  idea 
of  the  mode  of  action  of  the  exterior  whirlpool  in  improving  the  efficiency 
of  the  centrifugal  pump,  it  is  only  necessary  to  consider  that  the  mass  of 
water  revolving  in  the  whirlpool  chamber,  round  the  circmnferenoe  of  the 
wheel,  must  necessarily  exert  a  centrifugal  force,  and  that  this  centrifugal 
force  may  readily  be  supposed  to  add  itself  to  the  outward  force  generated 
within  the  wheel;  or,  in  other  words,  to  go  to  increase  the  pumping 
power  of  the  wheel.  The  outward  force  generated  within  the  wheel  is  to 
be  understood  as  being  produced  entirely  by  the  medium  of  centriftigal 
force,  if  the  vanes  of  the  wheel  be  straight  and  radial ;  but  if  they  be 
curved,  as  is  more  commonly  the  case,  the  outward  force  is  partly  pro- 
duced through  the  medium  of  centrifugal  force,  and  partly  applied  by  the 
vanes  to  the  water,  as  a  radial  component  of  the  oblique  pressure,  which, 
in  consequence  of  their  obliquity  to  the  radius,  they  apply  to  the  water  as 
it  moves  outwards  along  them.  On  this  subject  it  is  well  to  observe,  that 
while  the  quantity  of  water  made  to  pass  through  a  given  pump  with  curved 
vanes  is  perfectly  variable  at  pleasure,  the  smaller  the  quantity  becomes 
the  more  nearly  will  the  force  generated  within  the  wheel  for  impelling  the 
water  outwards,  become  purely  centrifugal  force,  and  the  more  nearly 
will  the  pump  become  what  the  name  ordinarily  given  to  it  would  seem  to 
indicate — a  purely  centrifugal  pump.  When,  however,  a  centrifugal  pump 
with  vanes  curved  backwards  in  such  forms  as  are  ordinarily  used  in 
well-constructed  examples  of  the  machine,  is  driven  at  a  speed  considerably 
above  that  requisite  merely  to  overcome  the  pressure  of  the  water,  and 
cause  lifting  or  propulsion  to  commence,  the  radial  component  of  the 
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force  applied  to  the  water  by  the  yanes  will  become  consideTable,  and  the 
^^ater  leaTing  the  eircumferenoe  of  the  wheel  will  have  a  Telocity  less  than 
tbat  of  the  cirenmference  of  the  wheel,  in  a  degree  having  some  real 
importance  in  practice.  It  has,  indeed,  been  promulgated  in  respect  to 
some  centrifogal  pnmps  with  corred  vanes  brought  into  use  in  the  last 
bLk  or  eight  years,  that  they  are  capable  of  propelling  the  water  from  the 
centre  to  the  circumference,  along  the  line  of  a  stationary  radius,  and  of 
discharging  the  water  at  the  circumference  without  rotatory  velocity. 
This  supposition  needs  only  to  be  mentioned  as  being  fidlacious.  A  motion 
approximately  along  a  stationary  radius  may  no  doubt  have  been  attained 
when  the  pump  was  made  to  impel  a  fluid  against  no  resistance;  but 
when  a  pump  is  actuaUy  doing  work  in  raising  water,  the  rotatoiy  motion 
of  the  water  on  leaving  the  circumference  of  the  wheel  is  unavoidable. 
In  practice  it  involves,  in  ordinary  pumps,  an  important  loss,  the  loss 
being  commonly  about  as  much  as  the  entire  power  usefully  applied  in 
overcoming  the  gravitation  of  the  water ;  and  the  efficiency  of  the  pump 
comes  out,  therefore,  when  friction  and  other  fiuther  losses  are  taken  into 
account,  in  ordinary  circumstances,  considerably  less  than  fifty  per  cent 
of  the  applied  power. 

From  calculations  relative  to  the  various  sources  of  loss  occurring  in 
centrifugal  pumps  of  the  improved  kind  with  the  exterior  whirlpool, 
according  to  the  design  carried  out  for  Messrs.  James  Ewing  &  Co. — ^the 
writer  thinks  the  efliciency  of  such  pumps  may  be  fiurly  estimated  at 
about  seventy  per  cent  Now  the  steam-engine,  already  existing  on 
the  estate,  for  which  the  pump  forming  the  special  subject  of  the  present 
paper  was  required,  is  estimated  as  being  capable  of  applying  25  horses 
power  (of  33,000  foot-pounds  per  minute)  to  the  driving  of  the  pump. 
The  lift  of  the  water  is  intended  to  be  variable,  according  to  the  state  of 
the  weather,  and  is  to  range  ordinarily  firom  2^  feet  to  5  feet  Then 
for  a  2^  feet  lifb,  and  an  assumed  efficiency  of  the  pump  of  seventy  per 
cent,  the  quantity  of  water  lifted  comes  to  be  8700  cubic  feet  per 
minute.  And  for  a  lift  of  5  feet,  the  quantity  would  be  about  half  as 
much,  or,  say  1850  cubic  feet  per  minute. 

The  details  of  the  constructive  arrangements  of  the  centrifugal  pump 
are  shown  in  Plate  I.,  prepared  from  drawings  supplied  to  the  Institution 
by  Messrs.  W.  &  A.  M^Onie  &  Co.,  the  engineers  by  whom  the  execution 
of  the  work  has  been  carried  out  In  reference  to  them,  the  writer  here 
wishes  to  recognize  the  very  efficient  aid  they  afforded  him  during  the 
progress  of  the  work  in  arranging  many  of  the  practical  details  of  the  con- 
struction. The  work  was  required  to  be  designed  and  executed  in  great 
haste,  and  their  ready  co-operation  tended  very  materially  to  facilitate  the 
business  of  the  undertaking.     Fig.  1,  Plate  I ,  is  an  elevation,  and  fig.  2 
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is  a  plan  of  the  pump— one  balf  of  each  figure  being  in  section — ^fig.  1  as 
through  the  line  a  &  in  fig.  2,  and  fig.  2  as  through  the  line  c  d  in  fig.  1. 
In  addition  to  the  description  already  given  of  the  principles  and  mode  iA 
action  of  pnmps  of  this  kind,  attention  maj  be  directed  to  the  helical  out- 
let chamber,  b  c,  which  is  arranged  for  receiving  the  water  finom  all  parts 
of  the  circumference  of  the  whirlpool  chamber,  except  the  part  from 
which  an  immediate  outlet  into  the  discharge  pipe  is  available.  This 
helical  chamber  has  a  gradually  increasing  area  to  meet  the  regular 
accessions  of  water  which  it  receives  firom  its  commencement  at  its  smaller 
extremity,  b,  forward  to  its  termination  at  c  in  the  outlet  pipe.  Hiis 
helical  outlet  chamber  is  arranged  with  a  large  part  of  its  capacity  lying 
nearer  to  the  axis  of  rotation  than  the  edge  of  the  whirlpool  chamber 
cover,  i>.  This  arrangement  is  made  with  the  special  object  in  view  of 
preventing  eddying  water  that  will  exist  in  the  outlet  pipe  at  times  when 
the  pump  is  raising  a  small  quantity  of  water  through  a  high  lift,  from 
being  able  to  return  to  the  circumference  of  the  whirlpool,  with  the  risk 
of  breaking  through  the  water  of  the  whirlpool,  and,  as  it  were,  fiilling  in 
towards  the  centre  in  consequence  of  having  less  rotatory  motion,  and, 
therefore,  less  centrifugal  force  than  the  water  of  the  whirlpooL  K  any 
such  return  water  were  to  penetrate  into  the  whirlpool,  it  would  veiy 
materially  damage  the  action  of  the  whirlpool,  by  disturbing  its  motion, 
and  introducing  impacts  of  quickly  moving  against  slowly  moving  water. 
The  helical  chamber,  as  may  readily  be  seen  by  consideration  of  the 
figures,  is  adapted  for  receiving  any  such  eddying  water,  and  hindering  it 
from  getting  access  to  the  whirlpool ;  as  the  most  rapidly  moving  water 
coming  direct  from  the  whirlpool,  will  tend  always  to  fly  outwards,  and 
will  occupy  the  outer  parts  of  the  helical  chamber,  leaving  the  inner 
parts  of  the  same  chamber  for  the  dead  or  eddying  water,  when  firom  any 
of  the  varying  circumstances  of  the  height  of  lift  and  power  applied,  such 
eddying  or  dead  water  exists. 

The  writer  would  fiuiher  direct  attention  to  the  peculiar  adaptation  of 
the  forms  selected  for  the  various  parts  of  the  case  for  the  attainment  of  a 
high  degree  of  stifihess  for  preventing  the  top  and  bottom  of  the  case  from 
changing  their  distance  apart  under  varying  circumstances  of  the  internal 
water  pressure.  It  is  to  be  observed,  on  this  point,  that  no  tie  bolts 
through  the  case  for  holding  the  top  and  bottom  together  are  admissible, 
as  any  such  tie  bolts  would  interrupt  the  revolving  motion  of  the  water. 
Tet,  at  the  same  time,  there  ought  to  be  as  close  a  fit  as  possible,-  without 
rubbing,  between  the  joint  rings  of  the  wheel  and  case  at  the  central  ori- 
fices, in  order  to  prevent  leakage  and  waste  of  the  water  pumped.  The 
conical  forms  of  the  bottom,  b,  and  top,  D,  of  the  whirlpool  chamber,  and 
the  cylindrical  vertical  walls,  o,  with  the  somewhat  conical  form  of  the 
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roofy  B,  of  the  helical  chamber,  all  taken  together,  and,  in  conjunction 
with  livetted  boiler-plate  as  the  material,  form  a  shell  of  peculiar  stifinesft. 
The  chief  difficulty  connected  with  this  undertaking  has  had  reference  to 
the  transmission  by  sea  and  land  of  so  bulky  a  thing  as  the  boiler-plate 
casing,  which  is  16  feet  in  diameter,  and  which  could  not  well  be  sent  in 
parts,  to  be  put  together  at  the  site  where  the  pump  b  to  work.    The  casing 
was,  of  course,  sent  separate  from  the  booty  k,  or  large  conduit  for  leading 
to  the  water  the  lower  central  orifice,  L,  and  the  casing  was  shipped  on 
deck^  being  too  large  to  enter  the  hold  of  the  vessel  by  which  it  wns 
transmitted.      Accounts  have  been  received  of  the  safe  landing  in  the 
colony  of  these  bulky  parts ;  and  news  is  soon  expected  of  farther  pro- 
gress having  been  made  towards  their  erection  at  the  site  where  they 
are  intended  to  operate. 

It  may  be  mentioned  that  the  pivot,  M,  on  which  the  wheel,  a,  turns, 
is  made  of  HgnumvitsB.  It  is  fixed  standing  upright  in  the  bottom  of  the 
boat,  K ;  and  in  the  bottom  of  the  shaft,  Q,  there  is  fixed  a  brass  socket, 
Py  which  turns  on  the  pivot  Arrangements  are  made  for  spreading  an 
ample  supply  of  water  over  the  rubbing  surfaces  of  the  wood  and  brass, 
for  lubrication.  Bearings  of  lignumvitsB  have  of  late  years  been  found- to 
be  much  superior  in  durability,  when  working  under  water,  to  any  kinds 
of  metallic  pivots.  Lignumvitae,  from  this  reason,  has  recently  come  much 
into  use  for  the  bearings  of  propeller  shafts,  where  the  shafts  pass  through 
the  stems  of  steamers.  Lignumvitae  pivots  have  likewise  eome  much 
into  use  for  turbines  in  America,  and  the  writer  is  now  in  the  habit  of 
introducing  them  in  his  vortex  turbines,  in  preference  to  all  other  kinds 
of  pivots. 

In  conclusion,  the  writer  considers  centrifugal  pumps,  oonstruoted  on 
the  principles  which  have  been  described,  to  be  capable  of  afibrding  the 
best  available  means  of  raising  large  quantities  of  water  through  low  lifts, 
or  through  lifts  of  such  moderate  height  as  may  not  require  the  wheel  to 
revolve  at  an  inconveniently  high  speed.  For  darainage  of  fens,  and  fbr 
raising  the  sewerage  of  towns  through  moderate  lifts,  they  are  peculiarly 
suitable.  They  are  much  less  liable  than  common  pumps  to  be  choked 
or  injured  by  the  entrance  of  solid  materials ;  and,  having  no  working 
valves  or  pistons,  they  are  remarkably  free  from  injury  by  wearing; 
whilst,  as  regards  economy  of  power  in  the  applications  referred  to,  they 
will,  ihe  writer  believes,  be  found  decidedly  superior  to  pumps  of  the 
ordinary  kinds,  constructed  with  valves  and  pistons  or  plungers. 


Mr.  M'Onie  exhibited  a  model  of  the  pump,  and  explained  the  draw- 
ings, showing  the  details  of  its  construction.     In  reply  to  inquiri^,  he 
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•Uled  ibat  the  pomp  was  prerented  bj  a  timber  framing  from  being 
shifted  bj  the  floating  action  of  the  water  in  which  it  was  immersed.  The 
wheel,  A,  was  upon  a  yertical  shaft,  and  the  water  had  access  to  it  both 
above  and  below,  finding  its  waj  to  the  top  central  aperture  over  the 
casing  of  the  helical  discharge  duct,  and  to  the  bottom  central  aperture  by 
the  boat,  K,  which  formed  a  channel  for  it  through  the  mud.  The  wheel 
was  made  with  86  blades,  which  were  about  €  inches  apart  at  the  cir- 
eumlereiioe,  and  1{  inches  at  the  central  opening ;  the  whole  being  flush- 
fivetted  together,  in  order  that  the  frictional  resistance  to  the  passage  of 
the  water  should  be  as  little  as  possible.  The  pump  was  intended  to  work 
at  the  rate  of  about  80  reyolutions  per  minute,  but  the  speed  would  Tazy 
with  the  lift. 

The  PsESTDKNT  thought  that  a  pump  of  this  kind  would  be  yery 
•nitable  for  removing  the  sewerage  of  towns  where,  from  the  lowness  of 
situation,  xt  was  necessary  to  lift  the  sewerage  in  order  to  get  rid  of  it 

Mr.  Hill  of  Barlanerk,  who  was  introduced  bj  the  President,  said  he 
had  had  much  pleasure  in  listening  to  the  President's  address,  and  to 
Professor  Thomson's  paper.  He  thought  that  in  places  like  Glasgow, 
where  one  part  of  the  town  was  much  more  elevated  than  another,  the 
sewerage  of  the  higher  part  might,  by  its  descent  to  a  mean  level,  be 
made  to  raise  to  that  level  the  sewerage  of  the  lower  part  Professor 
Thomson's  pump  would  be  extremely  well  adapted  for  working  out  this 
plan.  He  also  thought  it  probable  that  a  portion  of  the  Loch  Katrine 
water  might  be  devoted  to  the  same  purpose. 

The  Presidbmt  remarked  that  the  number  and  doseness  of  the  blades 
in  the  wheel  might  seem  likely  to  cause  more  friction  than  was  desirable  ; 
but  he  believed  that  Professor  Thomson  had  carefully  calculated  the 
amount  of  friction,  and  that  he  had  proportioned  each  part,  so  as  to  obtain 
from  the  whole  a  maximum  result.  This  particular  form  of  pump  was  suit- 
able for  low  lifU,  and  in  the  present  instance  the  pump  had  been  designed 
fer  a  lift  of  from  2)  to  5  feet  only.  For  higher  lifts  the  size  would  have 
to  be  reduced,  and  the  velocity  increased,  for  the  application  of  the  same 
power.  He  proposed  that  the  thanks  of  the  meeting  be  awarded  to 
Professor  ThcMnson  for  his  paper,  and  to  Mr.  M'Onie  for  his  drawings  and 
modeL 

The  thanks  of  the  meeting  were  unanimously  awarded  accordingly. 


Mr.  Nul  Robson  hoped,  that  before  separating,  those  present  would 
give  a  hearty  vote  of  thanks  to  their  President  for  his  very  excellent 
address.  They  all  knew  that  the  success  of  an  Institution  like  their  own 
depended,  in  a  great  measure,  on  having  a  president  capable  of  ably  con- 
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ductiiig  tlie  proceedings,  and  pomessmg  a  complete  acqntdntanoe  with  the 
varied  rabjects  coming  before  them,  so  as  to  guide  the  discnssioDS  in  a 
satisfactory  manner ;  and  they  would  all  acknowledge  that  Dr.  Rankine 
possessed  these  qualifications  in  an  eminent  degree. 

Mr.  B.  Bbuoe  Bell  seconded  the  motion,  and  it  was  unaoimoasly 
and  cordially  adopted 
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Tub  Sscond  Meeting  of  the  Sesnon  was  held  in  the  Philosophical 
Bociety's  Hall,  on  Wednesday,  24th  November,  1858,  the  Pbesidest  ib 
the  chair. 


The  following  paper  was  read : — 

On  Frktianal  Engaging  and  Disengaging  Gear,     By  Mr.  David  Mors. 

In  bringing  this  subject  under  the  notice  of  the  members  of  this  Institution, 
the  writer  desires,  in  the  first  place,  to  state  distinctly  that  he  does  not 
claim  any  share  in  the  inyention  of  the  apparatus  which  he  is  about  to 
describe,  but  merely  presents  a  simple  statement  of  his  own  experience 
of  the  manufacture  of  it  in  yarious  forms. 

The  object  to  be  attained  by  appliances  such  as  that  forming  the  subject 
of  the  present  paper,  is  the  transmission  of  power,  without  shock  or  vio- 
lence, to  some  kind  of  machinery,  the  arrangement  being  in  eveiy  case 
such,  that  ihe  prime  mover  is  not  interfered  with. 

In  Victories  where  a  great  quantity  of  heavy  machinery  is  required,  such 
as  bleaching,  calendering,  calico-printing,  and  similar  establishments,  the 
introduction  of  frictional  engaging  gear  has  been  found  of  the  greatest 
benefit,  as  it  completely  puts  an  end  to  the  annoyance  and  expense 
previously  occasioned  by  frequent  breakages  of  the  gearing  attached  to 
such  machines.  One  illustration  will  suffice  to  show  the  superiority  of  the 
new  arrangements.  Under  the  old  system  a  glazing  calender,  consistiDg 
of  three  paper  and  two  iron  rollers — one  or  two  of  which,  as  the  case  might 
be,  were  geared  in  such  a  manner  as  to  produce  a  rubbing  motion  upon 
each  other,  whilst  at  the  same  time  the  whole  machine  was  working  uader 
a  pressure  of  not  less  than  ten  tons — was  set  in  motion  by  a  simple  clutch, 
moved  by  a  powerful  lever  which  often  required  the  utmost  efforts  of  the 
workmen  to  bring  it  into  the  proper  position.  The  suddenness  with 
which  the  gearing  in  motion  and  the  machine  at  rest  were  thus  brought 
into  connection,  was  very  destructive,  and  the  cause  of  grievous  and  oft- 
recurring  stoppages.  But  now,  with  new  arrangements  embodying  the 
simple  element  of  friction,  the  same  machines  can  be  set  in  motion  or 
brought  to  rest  with  little  or  no  exertion,  without  damage  to  the  driving 
gearing,  and  with  the  greatest  facility  and  exactitude. 

Amongst  the  first  of  the  many  contrivances  for  obviating  the  de£K^ 
just  mentioned,  was  the  application  of  a  malleable  iron  friction  strap  to  the 
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clutch  ;  bat  this  yras  liable  to  a  serious  objection,  in  so  far  that  there  was 
considerable  difficulty  in  tightening  it  accurately  to  the  proper  pitch,  a 
single  turn  more  or  less  of  the  nuts  on  the  bolts  rendering  it  too  slack  for 
transmitting  the  power  required,  or  making  it  so  tight  that  it  was  as  bad 
as  if  it  had  been  rigidly  attached. 

Another  airangement,  and  the  one  which  it  is  believed  gave  the  first 
idea  from  which  have  resulted  the  many  improvements  that  have  taken 
place  of  late,  was  that  known  as  the  fiiction-cone  connection.  In  this 
arrangement,  an  internal  cone,  either  cast  or  bolted  on  the  driving  wheel, 
bat  running  loose  upon  the  shaft,  was  brought  into  contact  with  an  external 
cone  sliding  upon  a  feather  on  the  same  shaft.  This  contrivance  was  very 
efficient,  but  had  one  serious  fault  in  that  at  times  it  could  not  be  dis- 
engaged, owing  to  the  rubbing  sur&ces  getting  locked  together  by  ridges 
being  raised  upon  them  while  running ;  and  so  firmly  were  they  sometimes 
tmited,  that  the  writer  has  known  cases  in  which  the  whole  gearing  had 
to  be  stopped  before  the  parts  could  be  taken  asunder. 

To  obviate  the  defects  of  the  friction  cone,  and  at  the  same  time  take 
advantage  of  its  great  benefits,  has  for  a  long  period  occupied  the  endea- 
vours of  those  who  are  interested  in  its  application,  and  various  plans  have 
been  devised  for  the  attainment  of  this  result.  One  plan  which  has  been 
very  extensively,  and,  untU  lately,  almost  exclusively  used,  comprehends 
a  drum  or  case  of  a  size  proportionate  to  the  amount  of  power  to  be 
transmitted.  This  case,  which  is  turned  smooth  on  its  internal  sur&ce,  is 
attached  to  the  driving  wheel,  and  runs  loose  upon  the  shaft.  Inside  of 
the  case,  and  keyed  firmly  on  the  shafl,  is  a  plate  with  studs  on  it,  carrying 
arms  or  '*  flights  *'  curved  to  exactly  fit  the  inside  of  the  case,  and  these 
flights  are  covered  with  strong  leather  seciued  to  them  by  wooden  pins. 
Spiral  springs  sufficiently  strong  to  keep  the  flights,  when  the  machine  is 
at  rest,  from  coming  into  contact  with  the  case,  are  attached  to  them  and 
the  flight  plate ;  whilst  sliding  on  a  feather  on  the  shaft  is  a  movable  block 
with  tapered  projections  corresponding  to  the  number  of  arms  or  flights, 
and  this  block  being  moved  forward  by  a  lever,  forces  them  outwards,  and 
so  produces  the  amount  of  friction  required  to  drive  the  machine  to  which 
the  apparatus  is  attached. 

Great,  however,  as  were  the  advantages  resulting  from  this  invention, 
there  was  still  room  for  farther  improvement.  Owing  to  the  space  taken 
up  with  the  joints  on  which  the  arms  moved,  there  was  nearly  one-sixth 
of  the  frictional  surface  of  the  case  from  which  no  benefit  was  derived ; 
consequently  the  case  had  to  be  made  much  larger  and  heavier  than  would 
have  been  necessary  if  a  plan  could  be  devised  in  which  nearly  the  whole 
of  the  surface  was  taken  advantage  of.  To  this  end  various  arrangements 
have  been  proposed ;  but,  without  stopping  to  enumerate  them,  the  present 
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paper  may  now  be  brought  to  a  conclnsion  bj  briefly  describing  the  con- 
struction of  a  kind  of  engaging  and  disengaging  gear  which  has  beoi  found 
very  successful,  and  which  is  illustrated  in  detul  in  Figs.  1  and  2,  Plate  IL 
The  friction  box,  marked  a,  is  bolted  or  cast  on  the  wheel,  b,  the  inside  of  the 
box  being  turned  perfectly  smooth  and  cylindrical,  and  being  fitted  with 
two  cast-iron  rings,  c,  similar  to  the  packing  rings  of  a  steam-engine  pistcm. 
These  rings  are  bolted  together  by  bosses  and  arms,  H,  stretdiing  across 
nearly  the  whole  diameter,  and  keyed  upon  the  shaft,  j ;  and  in  sockets 
formed  in  these  arms  are  placed  wedge-shaped  sliders,  d,  which,  on  being 
pushed  outwards,  expand  the  rings  so  as  to  bring  them  into  close  contact 
with  the  internal  sur&ce  of  the  friction  box,  ▲.  Small  levers,  e,  work  on 
pins  in  the  arms,  h,  of  the  rings,  c,  and  actuate  the  sliders,  d.  The  lerers, 
B,  carry  small  friction  wheels,  i,  running  on  studs  fixed  with  adjusting 
screws,  whilst  a  tapered  sliding  block,  g,  is  fitted  loose  on  the  shaft,  J,  and 
when  moved  forward  by  the  starting  bar,  acts  upon  the  levers,  e,  through 
the  medium  of  the  friction  wheels,  i  The  shaft,  J,  is  driven  continuously 
by  the  prime  mover,  and  the  friction  box,  a,  and  wheel,  b,  being  fitted 
loosely  upon  it,  are  turned  by  itj  or  not,  accordingly  as  the  rings,  c,  are 
expanded  or  contracted. 


Mr.  MoBE  exhibited  a  brass  working  model  of  the  improved  fnctional 
coupling,  and  explained  a  contrivance  applied  to  the  starting  bar  of  the 
model,  by  means  of  which  its  leverage  or  power  could  be  increased  or 
lessened  as  might  be  required.  He  did  not  bring  the  ge.ar  forward  as 
being  in  any  way  novel ;  but  having  had  some  experience  in  the  construc- 
tion of  apparatus  of  this  kind,  he  thought  half  an  hour  would  not  be 
unprofitably  taken  up  in  giving  his  fellow-engineers  the  benefit  of  that 
experience,  and  in  discussing  the  subject  In  order  that  the  coupling 
might  be  as  efficient  as  possible  for  a  given  size,  it  was  desirable  that  as 
much  as  possible  of  the  circumferential  surface  of  the  rings  should  be  in 
contact  with  the  internal  surface  of  the  friction  box.  To  this  end  the 
rings  had  to  be  shaped  with  great  accuracy,  and  he  had  found  that  the 
best  way  to  proceed  was  to  spring  out  the  rings  to  their  extreme  size,  and 
then  turn  them  down  to  the  exact  size  of  the  friction  box.  On  the  wedge 
sliders  being  afterwards  released,  the  rings  contracted,  so  as  to  free  them- 
selves from  the  case. 

In  reply  to  inquiries,  Mr.  More  stated  thAt  for  transmission  of  a  power 
of  five  horses,  the  shaft  making  85  revolutions  per  minute,  he  usually 
made  the  friction  box  20  inches  in  diameter.  With  this  coupling  the 
machinery  could  be  started  gradually,  and  without  the  slightest  shock. 
With  respect  to  the  friction-cone  coupling,  when  the  parts  exactly  fitted 
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each  other,  it  did  very  well ;  but  ridges  were  apt  to  be  formed  on  the 
sor&ces,  and  these  prevented  their  separation.  He  had  tried  the  friction- 
cone  coupling  with  various  degrees  of  taper,  and  had  found  a  taper  of 
about  14^''  to  be  the  best.  The  largest  coupling  of  the  improved  kind 
which  he  had  made,  had  a  friction  box  6  feet  in  diameter,  the  frictional 
tnxr&uce  being  10  inches  broad,  whilst  the  power  to  be  transmitted  was  25 
horses.  He  thought  the  improved  coupling  would  be  very  suitable  for 
lathes,  where  it  would  save  cross  belts  and  other  complications.  It  would 
also  be  advantageously  applicable  to  numerous  other  machines. 

The  Pbesedemt  inquired  whether  frictional  coupling  surfaces  had  been 
made  of  the  form  known  as  Schiele's  curve,  which  was  said  to  possess  the 
property  of  uniformity  of  wear. 

Mr.  P.  SuBLiKG  remarked  that  Schiele's  curve  was  termed  the  "  anti- 
friction curve,"  and  he  thought  it  would  consequently  be  the  worst  kind 
of  curve  for  the  purpose  of  forming  a  coupling  where  it  was  wanted  to 
increase  rather  than  to  reduce  the  friction. 

The  Pbbsidemt  thought  tliat  from  there  being  uniform  wear,  there  would 
be  less  liability  to  stick.  One  property  possessed  by  surfaces  formed  to 
this  curve,  was  their  having  the  same  friction  as  cylindrical  surfaces  of  the 
same  length. 

An  inquiry  being  made  as  to  whether  a  modification  of  the  improved 
frictional  appliances  would  be  suitable  for  a  railway  brake,  Mr.  Walter 
Neilson,  of  Hyde-park  foundry,  said  he  did  not  think  any  advantage 
would  arise  from  such  an  application.  What  was  wanted  for  stopping 
railway  trains  was  not  a  contrivance  to  hold  the  wheels,  but  something  to 
prevent  the  wearing  of  the  wheels  on  the  rails  when  so  held.  The  present 
brake  was  cheap  in  first  cost  and  easily  repaired,  whilst  it  was  efficient  as 
far  as  it  went.  As  to  the  frictional  clutch,  as  adapted  for  engaging  and 
disengaging  machinery,  they  all  knew  what  annoyance  had  been  expe- 
rienced for  want  of  a  suitable  contrivance  of  the  kind.  The  old  plan  of 
friction  cone  had  its  defects ;  the  engagement  took  place  by  a  jamming 
together  of  the  parts,  and  the  grip  took  effect  all  at  once.  The  improved 
plan  described  by  Mr.  More  was  the  right  thing,  and  just  what  was 
wanted.  He  only  feared  it  was  rather  expensive,  but  then  breakages  and 
other  annoyances  arising  from  the  want  of  a  good  clutch,  were  also  very 
expensive. 

Mr.  MoBB  remarked  that,  as  regarded  cost,  the  coupling  he  had 
described  was  comparatively  cheap.  He  understood  that  thirty  pounds 
was  charged  for  a  recently-patented  coupling,  whilst  the  one  he  had 
described  was  superior,  and  could  be  made  for  about  fifteen  shillings  per 
inch  of  diameter  (3  inches  corresponding  to  1  horse  power  at  85  revolutions 
per  minute).     In  reply  to  inquiries,  Mr.  More  said  that  the  breadth  of  the 
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rings,  and  the  proportions  of  the  other  parts,  depended  oonjointiy  on 
the  power  to  be  transmitted  and  on  the  speed.  A  coupling  of  a  giren 
diameter  could  be  made  suitable  for  transmitting  more  or  less  force,  hy 
adopting  an  appropriate  circumferential  width.  The  smallest  <x>up]ing« 
he  had  made  were  12  to  16  inches  in  diameter. 

The  PREsroEMT  observed,  that  although  the  arrangement  might  not  be 
suitable  for  a  railway  brake,  it  might,  perhaps,  be  advantageously  applied 
to  apparatus  for  paying  out  submarine  telegraph  cables,  on  account  of  the 
delicacy  with  which  it  could  be  adjusted,  and  the  readiness  with  which  it 
could  be  slackened  or  tightened. 

Mr.  SnsLiNa  thought  there  would  be  as  much  liability  of  the  surfiices 
wearing  into  grooves  with  the  improved  arrangement  as  widi  the  old 
friction  cone.  If  the  surfaces  rubbed  or  slipped  upon  each  other,  as  in 
a  railway  brake,  great  wear  and  tear  would  arise ;  whilst,  if  the  surfkoes 
were  oiled,  the  friction  would  be  lessened. 

Mr.  More  said  the  cording  of  the  surfaces  might  occur  with  the 
improved  coupling,  but  it  would  not  prevent  the  separation  of  the 
surfaces,  which  were  drawn  apart  as  it  were,  whilst  in  the  cone  the  sepa* 
ration  was  e£fected  by  a  longitudinal  motion,  which  was  prevented  by  tlie 
cords  or  ridges.  It  might,  indeed,  be  an  improvement  to  groove  the 
surfaces  in  the  improved  coupling,  like  Mr.  Robert8on*s  fictional  gearing. 

The  Prbsibbnt,  remarking  that  Mr.  More  had  given  them  much  prac- 
tical information  on  a  subject  of  great  importance,  proposed  a  vote  of 
thanks  to  him,  which  was  unanimously  passed. 


A  paper  was  then  read  entitled — 

On   the  Proportions  of  Anchors  and  Cables  suppUed  to  various  classes  of 
Sh^.    By  Mr.  James  R.  Napier. 

[The  publication  of  this  paper  is  deferred,  with  the  concurrence  of  the 
Author.] 


A  discussion  followed  the  reading  of  Mr.  Napier^s  paper,  and  a  vote  of 
thanks  was  passed  to  him  for  it,  after  which : — 

The  PBBsroENT  said  that,  in  consequence  of  the  unexpected  but 
unavoidable  postponement  of  a  paper  by  Mr.  Elder,  which  was  to  have 
been  read  that  evening,  there  was  still  some  time  before  their  usual  hour 
of  separation,  which  might  be  advantageously  occupied  by  their  discussing 
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•ome  subject  of  interest.     He  would  call  upon  anj  gentleman  to'  propose 
a  subject  for  discussion. 

1i£t.  Walter  Neilbon  beliered  it  was  generally  understood  that  some 
great  adTances  had  recentlj  been  made  in  economising  the  expenditure  of 
fuel  in  steamers.  A  consumption  of  5  lbs.  of  coal  per  indicated  horse 
X>o^7er  per  hour  was  hitherto  considered  very  economical^  but  he  had 
beard  of  some  recent  cases  in  which  only  8  lbs.,  2}  lbs.,  and  of  one  in 
\rliich  only  1  lb.  had  been  consumed.  Information  on  this  subject  would 
doubtless  be  most  gladly  received  by  the  Meeting,  and  the  subject  would 
form  a  most  important  one  for  discussion. 

The  PRESiDEiiT  said  that,  having  been  present  when  some  of  the  residta 
referred  to  were  obtained,  he  could  state  the  particulars,  for  which  purpose 
lie  would  vacate  the  chair. 

The  chair  having  been  taken  by  Mr.  Walter  Neelsoit,  the  Pbbsidxmt 
said  that  the  experiments,  the  results  of  which  he  was  about  to  state,  were 
made  with  a  steamer  belonging  to  Mr.  J.  M.  Rowan,  of  the  Atlas  Works, 
Glasgow^  He  had  at  one  time  hoped  that  Mr.  Rowan,  who  had  that 
evening  been  elected  one  of  their  members,  would  himself  have  given 
them  a  paper  describing  his  engines  in  detail,  with  the  experiments  and 
their  results;  but  further  improvements  were  contemplated,  and  Mr.. 
Rowan  proposed  deferring  his  paper  until  those  improvements  were  com- 
pleted, and  further  trials  made.  A  trial  of  the  vessel,  which  was  a  screw 
steamer,  had  taken  place  on  the  previous  Saturday,  The  steamer  was  out 
about  two  and  a  half  hours.  The  experiment  respecting  the  fuel  was  made 
during  one  hour,*  the  pressure  of  steam  and  the  vessel's  speed  being  kept 
up  for  half  an  hour  before  the  experimental  hour,  and  for  half  an  hour 
after  it.  The  average  pressure  during  the  hour  was  115  lbs.  above  the 
atmosphere,  the  fluctuation  being  between  125  lbs.  and  118  lbs.  £very 
precaution  was  taken  to  obtain  accuracy  in  the  record  of  coal  consumed, 
and  of  the  results  derived.  For  example,  as  at  the  commencement  of  the 
experimental  hour  the  fires  appeared  to  be  rather  high,  a  fresh  supply  of 
coal  was  added  to  them  immediately  before  concluding  the  experiment, 
so  as  to  bring  them  as  nearly  as  possible  to  their  original  condition,  thia 
last  supply  being  included  in  the  calculation  of  the  results.  Indicator 
diagrams  were  firequently  taken,  and  carefully  calculated^  The  result  of 
the  hour's  trial  was  as  follows : — 

Cool  consumed  280  lbs.       -  ^- «  «-        ,        .  j.    ^  j  u 

— -  ^,    ,  ^ ^s^ —  ss  1018  lb.  ooaI  per  indicated  hotae  power. 

Indicated  h.p.  226  *^  ^ 

The.  indicated  horses  power  varied  between  281  and  321,  the  averagq 

*  The  shortneBi  of  th|e  experiment  was  caused  by  the  commencement  of  a  fog,  which  • 
made  it  nnealiB  to  continne  at  fiiU  speed. — W.  J.  M.  R. 
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•lMrog336.    Tim- nmmin  ifm miaatmnA  w»  an  woB^oi  l^lSm.    Tbm 
steam  was  expanded  nearly  fifteen  times. 

If  r.  Jiam  B.  Ninnft  said  he  had  been  pmeut  at  as  < 
the  ipessel,  but  this  Ism  ezperannt  wm  rnneb  sopeiior* 
most  eotttwtdinflrT;  Hehadheafd  Mk  SeoStBnsseEsfaileyattke  DnUin 
iMeting  of  the  Brkab  Awodatimi^  that  the  steamship  OtmC  JBssfem  ma 
die  Mnallest  rettel  that  comld  be  buik  to  cany  the  eoal  fer  «iiesenri»ibr 
which  she  was  intended,  but  hiB  ealcalations  were  based  on  a  < 
of  4  Iba  of  eeal  per  indicated  horse  power.  Of  ootffsey  if  the  i 
could  be  done  with  one  ponnd  of  coal,  that  Tessel  had  been  mada 
mneh  too  large,  and  instead  of  buildings  Tessels  still  larger  than  the  Gnai 
EatUrHf  as  had  beenf  expected,  k  was  nnfiMy  that  n^dier  wobUL  be 
built  as  large.  He  understood  that  Mr.  Rowan's  resoltv  were  partiy 
)wing  to  the  use  of  a  sorihce  condenser,  and  te  the  boilers  being  in  con- 
sequence continuallj  supplied  with  fresh  water.  The  eoal  ooasumed  oa 
the  trial  at  which  he  was  present,  was  1*88  Ibsw  per  indicated  hone 
power  per  hour.  In  die  steamer  ^dbard^  bailt  by  himsd^  the  owmp- 
tion  on  tiie  trial  was  2^95  lbs.  per  indicated  hone  power  per  hear.  Both 
results  were  obtained  at  trial  trips  in  the  Cfyde,  and  were  dieraina 
comparable,  and  one  showed  a  saving'  d  aeariy  half  tiie  ftieL 

The  PKBSiDKirr  stated  that  at  the  eaiiier  trial  the  staam  was  expanded 
only  eight  times,  and  the  pressura  Taried  between  110  Iba  and  &  Ifae. 
The  pressure  was  unsteady,  and  the  speed  of  the  ressei  also^  and  the 
experiment  was  generally  bnperfttct.  At  tibe  later  ezpsriment,  bowavcr, 
the  steam  was  expanded  nearly  fifteen  time%  and  it  was  kept  at  a  pres- 
sure varying  within  narrower  Hmits.  He  ascribed  the  in^noTed  lesnlt 
to  the  increased  extent  cf  the  ^cpaasion,  and  to  the  greater  steadiacsa 
of  the  pressure.  As  another  example  bearing  on  the  subject  befaiv 
them,  he  might  mendon  that  at  the  trial  of  the  steamer  Ctdia^  engined 
by  Messrs.  Randolph,  Ekfer,  &  Co.,  the  coxKumptioo  of  fuel  was  2-66  Iba. 
per  indicated  hoifee  power  per  hour. 
.  In  reply  to  Mr.  Milne  and  other  memben^  the  PaxsmsMT  stated  that 
the  boiler  primed  a  good  deal  in  the  eariier  es^^eriment.  The  boiWr  waa 
of  peculiar  constmetion,  but  it  would  be  as  well  to  leave  a  description  of 
its  details  to  Mr.  Rowan.  The  engine  worked  very  smoothly;  it  was  of 
the  double-cylinder  expansive  class — ^the  large  cylinders  having  four  times 
the  capacity  of  the  smaller  ones.  The  vacuum  was  maintained  very  uni- 
formly at  IS  lbs. 

Mr.  H.  R.  RoBSON  mentioned  that  the  boiler  had  been  proved  vrith  cold 
water  to  a  pressure  of  240  lbs.  per  sqtCare  inch.  He  had  been  present  at 
the  trial,  with  which  he  was  much  pleased.  In  reply  to  an  inquiry,  he 
said  the  pressure  was  indicated  by  a  Bourdon's  gauge. 
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The   Chaibman  (Mr.  Walter  Neilion)  nid,  that  something  like  the 
results  said  to  have  jiiat  been  obtained,  had  long  been  looked  forward  to. 
He  thought  they  could  not  expect  anything  like  perfection  in  marine 
eogixies  irithont  using  A  h^h  pressure  of  steam.    Nothing  lev  Jthan  100  lbs. 
iroold  do;  but  the  working  with  such  steam  power  was  impracticabk 
'with  sea-water,  and  along  with  it  they  must  adopt  surface  condensation  to 
enable  them  to  use  fresh  water  in  the  boilers.     It  was  a  matter  in  which 
the  engineers  of  Glasgow  should  take  special  interiat.    The  redaction  oi 
the  consumption  of  fuel  to  1  lb.  per  indicated  horse  power  per  hour  was 
an  enormouB  advance.    It  was,  in  fact,  somewhat  di£5cult  to  believe*-it 
iRras  almost  **too  good  to  be  true."    One  hour's  trial  was  scarcely  suffi- 
cient ;  a  jfcen  hour's  ran  woaldikwr^-been  more  satisfactory.    A  short  time 
baek  the  statement  that  the  consumption  had  been  reduced  to  1  lb. 
would  have  been  laughed  at ;  howerer,  he  thought  that  they  now  had 
some  reason  to  at  least  hope  for  the  realization  of  such  a  saying.     How 
many  pounds  of  coal  were  contained  in  the  furnaces  at  one  time  ?    A 
-very  small  mistake  in  judging  of  the  condition  of  the  fires  would  cause  a 
great  error  in  calculating  the  results. 

Mr.  H.  B.  BoBSON  said  the  furnaces  were  very  small,  and  that  an 
experimenter  was  not  likely  to  go  astray  in  judging  of  the  condition  of  the 
•fires  Mt  didGoxent  times. 

ISx.  J.  H.  BowAN,  who  had  entcored  a  few  minutes  .before,  said  thftt 
in  hm  jopinion  more  fiiTourable  resnlts  would  have  been  xeooi-ded,  if  ;fche 
ezpeiaiaent.of  wldoh  the  resQlt8.had  been ip^en  Jiad  boen  4»o^tjwiM3d  si^ 
hour  longer. 

A  ¥ote  of  Aaiiks  was  passed  to  the  Prtssident  jfor  jOie  particulars 
iozniflhed,  and  a.  wish  was  expijessed  that  Mr.  J.  M.  JBowan  would  bring 
Tfoswacda  p^>er  on  the aofccjeot  at  an  eacly  Meeting. 


36  Oft  PoiaU  Sl^  Docks. 


The  TmBD  Meetikq  of  the  Session  was  held  in  the  Philosophical 
Society's  Hall,  on  Wednesday,  22nd  December,  1858,  the  Presedb3ST  in 
the  diair. 


A  paper  was  read  entitled*- 

On  Marmi  Steam  Engmea.    By  liir.  John  Eldkb. 

[The  publication  of  this  paper  is  deferred,  wiih  the  concorroice  of  the 
Author.] 

A  discussion  followed  the  reading  of  Mr.  Elder's  paper,  and  a  Tote  of 
thanks  was  passed  to  him  for  it,  after  which  the  following  paper  was 
read:-*- 

On  Patent  5^  Docks.    By  Mr.  R.  Bruce  Bell. 

Prior  to  the  invention  of  the  slip  dock,  ships  requiring  examination  or 
repair  had  either  to  be  taken  into  a  dry  dock,  beached  upon  a  soft 
bottom  and  repaired  by  tide  work,  heaved  down  on  their  beam  ends  whilst 
afloat,  or  hauled  out  of  the  water  by  sheer  force  upon  greased  ways  laid 
under  their  bilges. 

With  the  exception  of  the  dry  dock,  these  means  of  getting  at  a  vessel 
for  repair  could  only  be  considered  as  expedients,  and  no  serious  repam 
could  be  executed  except  in  the  case  when  they  were  hauled  upon  dry 
land.  In  the  other  cases  nothing  but  temporary  repairs  or  caulking  could 
be  effected ;  so  that  virtually,  for  the  purpose  of  effecting  repairs,  there 
were  only  two  modes  of  getting  at  vessels: — via.,  by  dry  dock,  or  by 
liauling  up  on  greased  ways. 

The  expense  attending  the  construction  of  dry  docks,  more  particularly 
in  situations  having  small  rise  of  tide,  limited  their  existence  to  the  larger 
ports  and  naval  stations,  where  they  were  constructed  either  by  govern- 
ment, by  corporations  or  companies,  or  by  wealthy  private  shipbuilders, 
80  that  ship-repairing  became  a  monopoly,  and  a  very  lucrative  one. 

In  the  early  part  of  the  present  century  the  late  Mr.  Thomas  Morton, 
then  carrying  on  business  in  Leith  as  a  shipbuilder,  found  that  he  was  not 
able  to  compete  in  repairing  with  his  more  wealthy  neighbours  who  had 
the  use  of  dry  docks.  Mr.  Morton  at  that  time  resorted  to  the  process  of 
haiding  up  on  greased  ways ;  and  his  means  being  too  limited  to  allow 
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bixa  to  construct  a  dry  dock,  he  set  his  mind  to  work  to  find  oat  some 
means  of  lessening  the  expense  of  the  operation,  as  the  cost  of  laying 
^ways,  Tigging  purchases,  and  the  time  and  labour  expended  in  hauling  up, 
absorbed  a  great  part  of  the  profit  derived  from  repairs ;  and  besides,  in 
tiie  case  of  a  weak  ship,  this  was  a  dangerous  process,  as  the  vessel  had  to 
be  bung  on  her  bilges — an  operadon  which  many  old  vessels  could  not 
stand ;  and  the  purchase  being  attached  to  a  bolt  passed  through  the  fore- 
foot of  the  ship,  the  vessels  were  by  this  usage  much  strained,  in  some 
cases  the  fore-foot  being  actually  torn  out  of  them. 

Mr.  Morton's  scheming  resulted  in  the  invention  of  the  slip  dock,  of 
wbicb  he  erected  the  first  in  his  building-yard  in  Leith  in  the  year  1818^ 
and  by  the  advice  and  with  the  assistance  of  his  brother,  the  late  Mr* 
Samuel  Morton,  he  took  out  a  patent  in  1819.  This  patent  was  success* 
itillj  worked  by  Mr.  Morton,  and  by  the  representatives  of  the  patentee, 
the  present  firm  of  Messrs.  S.  &  H.  Morton  of  Leith. 

Although  at  first  these  slips  were  not  intended  for  vesseb  over  200  tons 
register,  they  were  afterwards  improved  and  strengthened  in  their  design 
to  such  a  degree,  that  slips  are  now  made  of  power  sufiident  to  haul  up 
vessels  of  8000  tons. 

The  inventor  lived  to  see  his  patent  carried  into  very  general  use,  and 
appreciated  as  an  invention  of  great  national  importance;  in  proof  of  which 
a  committee  of  the  House  of  Commons  awarded  him  a  sum  of  £2500  for 
the  great  advantage  it  had  been  of  to  the  shipping  interests  of  this  country. 
Mr.  Thomas  Morton  died  at  Leith  in  December,  1832. 

The  original  slip  for  vessels  of  small  tonnage  was  formed  in  this  manner : 
—The  ground  was  cut  out  to  a  regtdar  incline  from  dry  land  into  deep 
water,  and  if  sufficiently  firm  to  require  no  artificial  foundation,  three 
longitudinal  ways  or  beams  of  timber  were  laid  upon  cross  sleepers, 
a  main  beam  in  the  centre  to  lie  under  the  keel,  and  two  side  beams  to 
He  under  the  bilges.  Upon  these  ways  were  laid  malleable  iron  rails-* 
heavy  rails  for  the  keel  beam,  and  lighter  rails  for  the  sides.  This  formed 
the  slip-way  ;  the  upper  end  being  dry  at  all  times  of  the  tide,  whilst  the 
lower  end  was  submerged  at  high  water. 

Upon  these  ways  was  erected  a  rolling  carriage,  consisting  of  a  keel* 
beam  as  long  as  the  keel  of  the  longest  ship  intended  to  be  taken  up,  and 
two  btlge-beams.  Upon  this  keel-beam  carriages  containing  double  sets 
of  rollers  were  fixed,  fitting  the  rails  of  the  centre  ways,  and  palls  were 
attached  to  some  of  the  carriages  falling  into  ratchets  laid  along  the  centre 
of  the  entire  length  of  the  midway  of  the  slip.  The  bilge-beams  were,  in 
a  like  manner,  fitted  with  rollers  in  carriages,  but  single  and  fewer  in 
number.  Resting  upon  the  bilge-beams,  and  fixed  to  the  centre  beam, 
were  placed  cross  arms  with  sliding  bilge-cods,  upon  which  blocks  were 
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fitted  to  tiiit  the  shape  of  tlw  tmscj  to  be  lunded  nf,  aod  strong  cram 

beuu  at  the  lower  end  of  the  cradle  oomaeted  the  ihxee  1 

A  line  of  bloeks  was  kid  aleng  the  oeatie  bemat  j 

take  ihe  keel  of  the  Tewel,  and  jepei,  attnhed  to  ds  slidiBg  bflge  mih, 

were  pawed  over  ihe  keeUbeam  to  the  either  ade  of  the  isttdle,  andcafled 

on  the  tope  of  non  mtpperting-xods  alanding  sp  ^ma  the  cradk,  ao  as  to 

be  acoanihle  ei&er  &om  the  vead'e  eide  or  &om  tiieelip  gangway. 

When  die  keel-blo^  weonB  ail  set  and  tiie  bilge-blooka  a^^n^ed,  Ike 
bilge-oods  were  pnflhed  out  to  'tiie  CAireme  end  of  the  cxadle^arDia,  atnd 
the  ropes  all  amnged  upon  their  Bopporta.  ISm  palia,  idnoh  ivere  dleo 
altaehed  to  iopea  ao  aato  be  aooeHible'freBft  Ike  Tend,  were  then  liMBkd 
op  and  fixed,  and  the  pnrdiniit  ehain  aMached  to  the  eoDBeetnig  Imt  Jif 
the  oiadle,  'tfaie  oonneddng  bar  bemg  a  long  iren  bar  with  »  atre^^^ 
boiond  into  the  woodwork  of  the  main  benn  of  the  cadle.  !B»  last  jaH 
was  then  lifted,  and  the  cmdle  being  let  ga,  by  its  own  gamtj  Jeaoended 
to  ^e  extremity  of  the  slip.  The  vessel  -to  be  ^dod:ed  was  Ihen  Aoated 
over  the  blooks  of  ^keel-beam  until  her  finefootitoached  tke^fianfaioek, 
and  set  exactly  >in  tiieoentre  line  of  tfie  acadle,  -and*  rope^rom  ber  hem 
secured  to  the  purchase-chain. 

The  purohase  consisted  of  an  ordinary  oapetan  and  chain  csUe.  This 
ehain  was  nsed  as  a  single  ohain  for  light  vessels,  jnd  was  paased  through 
a  sheave,  and  need  as  a  doable  or  runner  chain  fin*  heavy  veaselB,  as  diown 
in  Fig.  a,  Plate  IL  When  the  Tesael  was  set  fidrly  in  the  coitre,  tiie 
purchase  was  set  to  "work,  and  the  cradle  and  ship  hauled  up  until  the 
vessel  began  to  settle  on  the  blocks ;  tiie  pundiase  was  ihen  stopped,  and 
the  bilge-cods  hauled  in  until  the  blo<^  caught  the  vessel^  bilges,  when 
the  ship  was  all  secure.  The  purdiaae  was  then  set  on  and  Jcept  movii^ 
until  the  vessel  was  hauled  up  high  and  dry,  and  the  operatian  was  oom- 
pleted.  To  remove  the  cradle  tiie  ship  ooold  be  ^blookedup,  and  ihe  asms 
removed,  and  the  main  beam  allcwed'toTDll  fieom  under  her,  to  be  used 
to  haul  up  another  vessel  astern. 

Such  was  the  first  slip;  and  atthou^  ainoeihat  time  many  details  and 
improvements  have  been  added  to  it,  tiie  main  featares  of  the  slip  continue 
tiie  same. 

The 'first  improvements  eflSMSted  by  Mr.  Morton  were,  the  BubBtitmion 
of  cast-iron  lor  malled^le-iion  rails— -tiie  eentre  double  rail  with  its  ratdiet 
being  all -cast  in  one  breadth,  in  lengths  of  about  ten  feet;  and  the  substi- 
tntion  of  traction*rods  connected  by  pins  and  eyes,  and  of  a  pitch  chain 
in  pLaoe  of  the  cable  chain ;  and  also  of  a  powerful  wheel  .parcfaBse  in  place 
of  tiie^capetan.  This  ^purdiase  consisted  of  a  system  of  vdieels  and  pinionB 
driven  by  a  shaft,  ^wtth  comieotions  either  fyr  manual,  horse,  or  afeeam- 
power,  the  power  being  gradually  increased  up  to  the  main  shaft,  i^pon 
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into  »  dead  pull  on  tkepitek  cfanu 

The  ti»ctk>ii*xod8  eonauled  of  nmnd  boBB  abmii  tipntf  fttt  in  lei^^ 
lia^^ring  eyed  ends  oonucted  one  to  ano&er,  either  -wilh  fivriied  ejMeB,  or 
finka,  aa  ahown  in  Fig.  4^  Plate  n.  The  rod  acarart  to  die  cradle  waa 
«lttH:hed  to  the  eonneetiiig-bKr  of  the  eradle  by  a  pin  uid  forked  eje,.  or 
linka^  in  the  aame  manner  f  and  m  like  manner  the  top  bar,  ▲,  waa 
atteehed  to  the  pfteb-dudn,  b.  The  pitch-chain  iRaa  made  rather  longer 
thjoi  two  lengths  of  traction-bara,  the  upper  end  of  the  pitdft-cfaalm  pasamg 
oiwer  tiM  top  of  the  pttdi-wheel,  o,  and  tke  open  linka  catching  npon  the 
teeth,  whiiBtiha  tail  end  of  A»  pitck-chain  was  attached  to  a  amaU  me*- 
sei^er-chain,  n^  led  down  the  side  of  the  centre  wi^  to  a  aaatch-hlock,  oar 
abene,  and  hovii^  its  end  aeeored  to  the  traction-roda^ 

The  manner  of  working  the  pwcfaaae  was  thia? — The  power  being  set 
«ni,  the  pstchrchain,  b,  waa  dragged  orer  the  pitdi-whe^  c,  the  tail  end 
mm  it  came  off  the  teeth  being  dragged  down  the  slip  again  bj  the  meaf* 
aei^eor  chain^  n,  ao  that  when  the  pitch-diain  waa  eoEpended,  two  leng^a 
o£  trsaAoDrTodMj  A,  had  been  hauled  upw  The  engine  waa  tiwD  atopped^ 
and  the  palla  of  the  cradle  having  by  tins  time  been  let  &U^  the  cradle 
coold  hold  itadtf ,'  Ae  rods  were  then  removed,  and  the  lower  end  of  the 
pitcb-€hai%  b,  winch  had  now  been  kaoled  v^  to  the  purchase,  waa 
nttaehcd  to  the  pitch^whe^l,  cv  bj  a  pm;  the  engiBEie  waa  again  set  in 
Hjotion,  until  it  had  reversed  the  end  of  the  chain  npon  the  wheel,  and 
waa  ^cn  ready  !(»:  a  fresh  start,  Theother  end  of  the  pitch-dudn  had, 
daring  tiie  operation  of  honling  np  the  rods,  been  dragged  down  bj  the 
meascnger  dnin,  and  was  in  ita  torn  connected  feo  the  tractioii-rodBL  The 
epoation  was  then  repeated,  the  next  set  of  rods  removed,  and  the  con- 
neotioDa  again  made,  the  pitch-^^ain  being  bj  thia  means  each  time 
xrrersed  end  16r  end.  These  operations  were  repeated  nntil  ^e  whole 
line  of  traction-rods  and  the  cradle  and  ship  had  been  dragged  to  the 
head  of  the  slip. 

An  improvement  was  propoaed  upon  this  pnrehase,  about  ten  yeara 
ago,  bj  Mr.  Leslie  of  Edinburgh,  whi^  consisted  in  snbstitating  an 
endless  pitch-chain,  s,  fig.  5,  revolving  round  two  wheds,  o,  f,  in  plaee 
of  the  two-ended  chain  and  messenger.  This  was  adopted  bj  Mr- 
Morton  npon  the  Graaton  slip,  which  was  erected  for  his  Grace  the 
Duke  of  Bnodench  id  the  year  1852.  This  improvement  made  a  oon- 
siderable  rednetion  in  the  time  occtqpied  in  fleeting,  as  it  is  called ;  that 
is,  in  changing  the  rods,  rewinding  the  pitch-chain,  and  taking  a  firedi 
hold.  With  the  endless  chain,  the  engine  had  merely  to  be  stopped,  the 
reds  removed,  and  a  new  hM  taken,  and  the  dragging  operation  again 
continued. 
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Further  than,  in  strengtibening  the  Blip-ways,  and  in  modifying  and 
adiqptlng  the  cradle  and  ironwork  for  the  large  class  of  yeaseb  for  which 
slips  have  lately  been  made,  no  alteration  of  moment  has  been  made  upon 
the  oradle  or  mainway  of  the  slip.  Certain  modifications  and  additions^ 
which  will  afterwards  be  referred  to,  have,  however,  been  made,  wfaicb 
adapt  the  slips  for  situations  where  it  oould  not  otherwise  have  been  avaiUble 

It  may  be  as  well  to  notice  at  this  stage,  a  plan  which  was  patented 
about  the  year  1831,  as  an  improvement  upon  Morton's  patent  slip,  by  the 
late  Sir  Sunuel  Brown. 

This  plan  consisted  in  the  addition  of  a  transverse  carriage  set  upon 
lateral  ways^  upon  which  the  main  carriage  and  ship  could  be  removed  to 
the  sides  of  the  slip,  and  thus  give  more  accommodation  on  the  mainway. 
A  slip  on  this  principle  was  laid  down  at  the  government  arsenal  at  Dept- 
ford,  but  was  made  of  too  light  material  and  design,  and  gave  way  on  the 
first  triaL  There  is  no  reason,  however,  why  it  should  not  be  again  tried, 
as  it  would  no  doubt  give  more  accommodation.  At  the  same  time,  the 
great  expense  attendant  on  the  additional  cradle,  and  the  great  number  of 
lateral  ways  required,  cause  altogether  so  much  additional  expense,  that 
in  but  few  cases  could  it  be  made  an  available  improvement 

The  progress  of  improvement  on  the  slip-docks  has  thus  been  traced 
fix>m  the  time  it  left  Mr.  Morton's  hands  imtil  its  improvement  by  the 
introduction  of  the  endless  pitch-chain«-the  principle  of  the  slip  and  pur-^ 
chase  having  remained  the  same  throughout ;  and  firom  the  date  of  the 
construction  of  the  first  slip  in  1818,  until  the  year  1852,  slips,  varying 
in  sixe  from  those  for  vessels  of  200  tons,  to  those  for  vessels  of  1200  tons, 
were  constructed  in  all  parts  of  the  world — ^in  England,  Scotland,  and 
Ireland,  and  on  the  continents  of  Europe  and  America ;  the  great  reoom- 
mendation  being  the  comparative  lowness  of  cost,  and  the  ease  and 
despatch  with  which  vessels  could  be  taken  up  and  examined,  and  repaired 
and  launched  again. 

In  the  year  1848  the  attention  of  Mr.  Miller,  the  writer's  partner,  was 
turned  to  the  hauling  power  of  the  slip.  The  great  increase  in  the  size  of 
slips  having  rendered  it  necessary  to  employ  enormous  wheels  for  the 
gearing  of  the  purchase,  and  there  being  a  prospect  of  a  demand  for  slips 
of  an  even  still  larger  size  for  men-of-war,  and  for  the  largest  class  of 
merchant  steam-ships ;  it  appeared  that  some  modification  must  be  made  in 
the  design  of  the  purchase,  otherwise  the  number  of  working  parts,  and 
the  great  weight  of  wheels,  involving  a  great  amount  of  fiiction,  would 
act  seriously  against  the  introduction  of  slips  on  the  large  scale  contem- 
plated. The  result  was,,  the  production  of  a  purchase  on  an  entirely 
different  principle ;  toothed  gearing  being  entirely  done  away  with,  and  a 
direct  pidl  by  hydraulic  pressure  substituted. 


On  Patent  S^p-Doch.  41 

A  patent  was  taken  <mt  for  this  pnrchase  in  1849,  and  tbe  first  slip 
ooDstmoted  on  this  piindple  was  the  Kelvinhaugh  slip  on  the  Clyde,  the 
property  of  Robert  Black,  Esq.,  constructed  in  1850*51. 

Thb  slip  was  intended  for  ships  of  800  tons  register,  and  was  designed 
and  laid  down  by  the  writer  and  his  partner^ 

Shortly  after  the  completion  of  the  Kelvinhaogh  slip,  another  slip  was 
constructed  on  this  principle  for  vessels  of  1500  tons.  This  slip  was  also 
designed  by  the  writer  and  his  partner,  and  is  now  at  work  in  Melbourne^ 
heing  the  property  of  ^e  goyemment.  The  purchase  for  this  slip  was 
made  by  Messrs.  More  of  Glasgow. 

At  the  present  time,  slips  of  a  still  larger  size  are  in  course  of  construe* 
tion,  Messrs.  Morton  of  Leith  haying  nearly  completed  one  for  vessels  of 
2000  tons  for  the  Mauritius,  and  one  capable  of  taking  up  vessels  of  3000 
tons  for  the  war  ships  of  the  Egyptian  navy,  which  is  in  course  of  being 
laid  down  at  Alexandria.  The  vrriter  and  his  partner  are  at  present 
engaged  with  the  plans  for  another  slip  of  8000  tons  for  the  West  Indies, 
to  take  up  the  largest  steamship  of  the  Royal  Mail  Steam  Packet  Com- 
pany,  and  government  frigates.  From  the  simplicity  of  this  improved 
purchase,  the  small  number  of  the  working  parts,  and  the  unlimited  power 
which  can  be  commanded,  there  is  now  no  limit  to  the  size  of  vessels 
which  it  can  be  made  to  take  up.  In  figs.  8  and  4,  Plate  IIL,  are  shown 
an  elevation  and  a  plan  of  one  of  the  forms  in  which  the  hydraulic  pur- 
ehase  has  been  constructed. 

The  main  feature  of  the  purchase  is  a  cylinder,  a  solid  iron  casting  fitted 
and  firmly  bolted  down  to  a  firame,  and  to  a  foundation,  which,  in  this 
example,  is  shown  as  of  timber.  The  ram  or  piston  works  from  the  upper 
end  through  the  neck  of  the  cylinder,  which  is  kept  water-tight  by  means 
of  cupped  leathers.  Two  side  rods,  fixed  into  a  cross  head,  secured  to  the 
bead  of  the  ram,  pass  down  one  on  each  side  of  the  cylinder,  and  are 
united  at  the  foot  by  a  cross-taiL  In  fig.  4  the  clutch  is  shown  adjusted 
on  the  cross-tail  for  one  set  of  rods,  a  saddle  being  used  to  equalize  the 
strain  upon  the  side  rods,  when  two  sets  of  rods  are  used.  The  rods  are 
connected  to  the  purchase  by  means  of  pins. 

A  set  of  pumps — ^in  this  case  three  in  number,  whilst  in  some  of  the 
larger  purchases  as  many  as  five  are  used — are  worked  beneath  the  pur- 
chase by  a  cranked  shaft  driven  from  the  steam-engine,  which,  at  other 
times,  is  used  to  drive  the  machinery  connected  with  shipbuilding  opera- 
tions. The  pumps  are  set  in  a  cast-iron  box,  which  forms  the  cistern  for 
containing  the  water  supply.  The  cranked  shaft  is  placed  above  the 
pumps,  passing  beneath  the  cylinder,  and  works  the  pumps  by  means 
of  connecting  rods.  The  pumps  are  brass,  with  brass  plungers,  and 
connected  to  one  supply  pipe,  which  is  fitted  with  weighted  safety 
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tilTM  lo  tel  dff  ihe  w^ter  wlieli  the  piessme  eacceeds  wfe  boqadg  Ihw 
fopply  pipe  being  led  direcUy  into  the  purcbeee  cylinder  wsthout  tlie 
intenrention  of  any  ooek  or  talre^  A  diacherge  pipe  of  a  large  bete 
•UowB  of  the  exit  of  the  water  from  the  cylinder  back  inlo  the  ciatani, 
and  upon  this  diAcharge  pipe  there  is  fixed  a  strong  equilibrioin  eock^ 
worked  by  a  lever.  A  oounterweight  for  drawing  back  the  lam  after  it 
has  completed  its  stroke,  is  attached  to  the  top  of  the  ram  by  a  ehaia 
doubled  round  a  sheave  to  diorten  the  length  of  descent,  the  wei^t 
descending  into  a  well  in  the  foundati<m.  A  bairel,  worked  bj  wheels 
from  the  engine-shaft,  is  used  as  a  qmck  purchase  for  hauling  up  the 
empty  cradle,  by  means  of  a  common  cable  chain. 

The  action  of  the  purchase  is  as  follows  :«-The  ram  being  fuU  down  in 
the  cylinder,  the  pump  shaft  is  set  in  gear  with  the  steam-engine,  and  tlie 
pumps  commence  working,  and  do  Act  require  to  stop  until  the  work  is 
eompleted  and  the  ship  hauled  to  the  top  of  the  slip.  At  starting  the 
discharge  cock  is  open,  and  the  water  only  passes  through  the  cylinder 
back  into  the  cistern.  The  traction  rods  are  connected  directly  from  tlie 
purchase  to  the  cradle  upon  which  the  slip  lies,  and  when  all  is  reedj, 
the  discharge  cook  is  shut  and  the  nun  moves  steadily  out  of  the  cylinder, 
iiauling  up  along  with  it  the  side  rods  and  tail  plate,  and  so  drawing  np 
the  traction  rods  with  the  cradled  ship  as  shown  in  fig.  1,  Plate  IIL 
When  the  ram  arrives  at  ike  top  of  its  stroke  the  discharge  eock  is 
opened  partially,  and  the  ram  is  brought  to  a  dead  stand ;  the  connecting 
pins  of  the  first  length  of  traction  rods  are  then  driven  out,  and  the  rods 
removed,  and  the  dischaxge  oock  opened  fulL  There  being  no  resietanoe^ 
the  counterbalance  immediately  reverses  the  ram*s  stroke,  and  dtawa  it 
back  into  the  cylinder  ready  for  another  stroke.  The  rods  are  again 
connected,  and  the  operation  repeated  as  before.  The  operation  of  fleetixig, 
or  taking  off  one  set  of  rods,  reversing  the  ram,  and  again  connecting,  is 
simple  and  expeditious,  as  by  partially  opening  or  shutting  the  discharge 
•cock^  the  action  of  the  ram  backwards  or  forwards,  or  in  stopping,  can  be 
regulated  with  the  greatest  precision  and  ease,  and  the  whole  aj^Mtfatoa 
kept  under  complete  control— a  matter  of  great  moment  in  l^i^<ii*»g  a 
heavy  ship.  The  usual  mode  of  connecting  Uie  rods  is  by  pins,  which  are 
driven  out  as  each  rod  is  hauled  up,  or  they  can  be  connected  by  a  self- 
acting  claw,  which  does  away  with  the  necessity  of  again  connecting  by 
driving  in  a  pin. 

The  largest  purchase  which  has  yet  been  made  on  this  principle,  ia  one 
.which  has  just  been  completed  by  Messrs.  S.  &  H.  Morton  of  L^th,  Ibr  the 
pacha  of  Egypt.  This  purchase  has  been  proved  to  a  pressure  of  newly 
three  tons  on  the  square  inch,  and  is  capable  of  hauHng  up  a  vessel  ef 
.8000  tons  dead  weight,  on  an  mcMne  of  1  in  20. 
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Bone  idea  may  be  fcxmed  of  the  megnitade  of  this  iiiMlii&e  from  tiie 
fbUowing  pardetikn :— -the  strdce  is  16  feet;  the  x«m  is  18  inches  dia.- 
meter;  tiie  weight  of  the  cylinder  is  17  tons;  that  of  the  ram  5  tons; 
and  the  side  rods  axe  each  5  inches  diameter. 

This  pnrdiase  is  worked  by  ^ye  powerful  brass  pmnps,  driTen  overhead 
1>j  a  three-throw  and  a  two-throw  shaft,  worked  by  a  fifty  hone-power 
oondensing  engine. 

The  nsoal  speed  for  hanling  up  heavy  ships  by  these  purehlMes  is, 
indnding  stoppages  for  fleetiiig,  four  feet  per  minute ;  this  is  saffidemtly 
speedy  for  any  ordinary  purchases,  but  still  greater  speed  can  be  obtained 
by  working  with  two  purchases  and  self-acting  daws,  thus  saving  the 
time  lost  in  fieeting.  The  time  gained,  however,  would  not  compensate  for 
the  extra  outlay,  and  it  must  be  borne  in  mind  that  the  utmost  eimpticity 
ia  a  inime  requisite  in  a  machine  of  this  kind.  The  time  gained  by  having 
two  flinders  would  be  but  trifling;  as  with  one  cylinder  the  largest  ship 
oould  be  taken  up  in  three  and  a  half  hours,  and  with  two,  tfliere  would 
only  be  the  gain  of  about  half  an  hour. 

The  length  of  slip-<way  which  requires  to  be  submerged,  in  order  to 
obtain  snfficient  draught  of  water,  has  acted  as  a  drawback  to  the  intro- 
duction of  the  alip  in  some  situations  where  the  property  is  of  limited 
length.  This  drawback  has  been  got  over  by  a  plan  proposed  by  the  writer 
many  years  ago,  but  which  was  not  carried  into  execution  until  the  year 
1855.  This  plan  consists  in  the  adoption  ef  half-tide  gates  or  caissons, 
which,  having  but  a  small  head  of  water  against  them,  can  be  made  of  an 
inexpensive  description.  By  placing  these  gates  half-*way  down  the 
submerged  portion  of  the  slip-way,  a  considerable  portion  of  the  ground  is 
reclaimed,  and  made  available  for  repairing  upon.  Another  improve- 
ment, which  is  likewise  the  invention  of  the  writer,  consists  in  laying  the 
sKp-way  in  a  hollow  curved  incline,  with  the  object  of  saving  excavation 
at  the  lower  end  of  the  slip.  In  the  channels  of  muddy  rivers  like  the 
Thames,  subject  to  great  deposit,  this  is  the  means  of  saving  the  lower 
part  of  the  slip  from  being  silted  up,  which,  in  many  situations,  would  be 
amatterof  oertfliiityif  theend  of  the  slip-way  was  excavated  deeper  than 
the  surfiMse  of  the  river  bed. 

As  both  of  these  improvements  were  carried  into  execution  at  the  same 
time,  upon  a  slip  constructed  at  Rotherhithe  on  the  Thames,  it  may  not  be 
oat  of  place  to  give  a  short  description  of  the  slip. 

The  Nelson  graving  slip-dock— 4he  one  refen«d  to-^was  derigned  by 
the  writer  and  his  partner,  and  constructed  under  their  superintendence 
in  the  year  1855-56.  The  piece  of  ground  upon  which  it  was  proposed  to 
eract  this  «lip^  possessed  features  which  rendered  it  impossible  to  erect  a 
sHp  of  the  ordinary  construction,  as  the  whole  extent  of  ground  available, 
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exoiuiive  of  what  was  allowed  to  be  projected  into  the  riTer,  was  only  196 
fSoet,  and  indttUTe  of  the  projection  into  the  river  the  total  length  &r  i 
slip-way  was  only  856  feet.  To  get  a  sufficient  dranght  of  water  thii 
brought  the  snr&oe  of  the  water  at  the  top  of  spring-tide  up  to  the  veiy 
head  of  the  slip.  Another  feature  was,  that  with  an  ordinaiy  indiney  the 
lower  end  of  the  slip  would  require  to  hare  been  carried  to  a  lower  levd 
than  the  bed  of  the  river ;  and  any  one  who  has  witnessed  the  learibl 
deposit  of  mud  left  m  any  hollow  at  this  part  of  the  Thames,  will  under- 
stand ihe  annoyance  that  would  have  been  sustaioed  in  working  the  dip. 

To  OTeroome  the  first  difficulty,  the  engineers  proposed  the  introduction 
of  the  writer's  plan  of  gates  placed  across  the  slip,  in  the  line  of  the  river 
frontage,  so  as  to  secure  dry  ground  over  all  the  property  whidi  tiie 
proprietors  held  in  their  own  right. 

The  difficulty  of  keeping  free  from  too  deep  excavation  was  overoome 
by  substituting  the  writer^s  plan  of  a  curved  incline  in  place  of  a  straight 
plane.  Both  of  these  expedients  were  approved  of  by  the  proprietors, 
Messrs.  Bilbe  &  Co.,  and  carried  successfully  into  execution.  Fig.  1, 
Plate  IIL,  is  a  longitudinal  vertical  section  o/  the  slip,  showing  the  eorve 
and  the  position  of  the  gates,  with  the  curved  cradle  and  ship  upon  it. 
Fig.  2  is  a  plan,  partly  in  section,  of  the  foundations,  ways,  &c. 

The  curve  was  made  to  a  radius  of  286  feet,  commencing  from  the 
purchase  and  dipping  so  as  to  give  a  depth  of  12^  feet  on  the  slip  at  the 
fore-end  of  the  cradle,  and,  at  the  same  time,  only  19  feet  of  water  on  the 
slip  at  its  extremity. 

The  ground  consisted  of  a  treacherous  foundation  of  mud,  and  had  to 
be  piled  and  concreted  over  the  entire  extent  of  the  slip,  the  piles  being 
driven  to  reach  the  gravd  overlying  the  London  day ;  every  part  of  the 
foundation  and  ways  was  made  of  timber,  and  the  concrete  merdy  com- 
posed of  chalk  and  day.  The  gates  were  also  made  of  timber,  with  ircHi 
sluices  and  rollers. 

The  generality  of  the  London  graving  docks  are  completdy  made  of 
timber;  they  are  leaky  and  dirty,  and  require  constant  pumping.  Thia 
slip  is  free  from  these  drawbacks,  as,  by  opening  the  gates  at  low  water 
and  washing  down  the  floor  with  water  from  a  hose,  the  mud  brought  in 
when  a  vessd  is  docked  is  swept  down  the  indine  without  fiirther  trouble ; 
the  gates  are  then  shut  and  kept  dosed  until  the  vessd  is  repaired. 
Owing  to  the  incline  of  the  slip  any  leakage  lies  at  the  lower  end  without 
spreading  over  the  floor,  as  is  the  case  in  the  Thames  docks,  and  thia 
water  can  be  let  off  at  low  water  without  requiring  to  pump. 

Notvdthstanding  the  steepness  of  the  upper  part  of  the  indine,  the 
strain,  as  exhibited  on  the  indicator  of  the  purchase,  is  not  greater  than 
might  have  been  expected  with  a  regular  incline,  which,  in  this  case, 
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-would  Yu^re  been  one  in  eighteen*  In  drawing  np  a  ship  equal  to  about 
600  tons  dead-weiglit)  the  indicator  has  neTer  shown  a  greater  strain  than 
45  tons. 

This  slip  must  not  be  taken  as  a  model  of  what  a  slip  might  be  made 
under  iaTourable  circumstances;  but  merely  as  an  instance  of  what  can  be 
effected  in  a  yery  un&youraUe  locality,  by  planning  the  works  to  suit  the 
place.  Plans  for  a  more  complete  graying  slip  on  this  principle,  but 
wiihoxit  the  cnnred  incline,  and  haying  a  caisson  in  place  of  gates,  haye 
jost  been  completed  by  the  same  engineers,  to  be  erected  on  the  riyer 
Oder  in  Prussia. 

Slip-docks  were,  on  theur  first  introduction,  looked  ^ipon  more  as  a 
sobstitute  £ot  dry  docks,  where  means  were  not  obtainable  for  the  oon- 
stmction  of  the  latter;  but  they  haye  now,  in  consequence  of  the 
improyements  which  haye  been  made  upon  them,  become  of  a  more 
important  character :  and  from  their  comparatiye  cheapness,  and  from  the 
ease  and  expedition  with  which  they  can  be  constructed,  where  the  situ* 
ation  is  iayourable,  they  haye  now  acquired  a  position  more  nearly  equal 
to  that  of  dry  docks,  and  in  some  points  will  eyen  compete  with  the  latter 
in  adyantages. 

In  reply  to  inquiries,  Mr.  Bell  said  the  curye  of  the  slip  was  of  the 
same  radius  throi^hout  its  length.  It  was  an  arc  of  a  circle  drawn 
through  three  points — that  of  the  fore  end,  that  of  the  after  end,  and  that 
of  the  bottom  of  the  half-tide  gates  or  caissons. 

Mr.  J.  B.  Napieb  asked  if  there  was  any  reason  why  the  curye  should 
not  always  be  adopted.  For  the  Clyde,  where  so  little  space  was  ayail- 
able,  it  would  be  a  yery  good  plan,  notwithstanding  that  a  little  more 
balding  power  might  be  required  as  a  ship  approached  the  upper  and 
steeper  end  of  the  incline.  He  belieyed  Mr.  Wood  of  Port-Glasgow  had 
used  curyed  launching-ways  for  newly-built  ships. 

Mr.  BxLL  thought  there  could  be  yery  little  objection  to  the  general 
adoption  of  the  curyed  slip.  It  was  true  that  with  it  the  hauling  strain 
was  greatest  as  the  ship  neared  the  upper  end,  and  yery  great  care  and 
nicety  was  required  in  laying  down  the  rails  in  the  true  curye,  whilst 
unequal  settlement  of  the  foundation  was  yery  injurious.  This  had,  how- 
eyer,  to  be  proyided  against  ¥rith  equal  care  when  a  straight  incline  was 
adopted. 

Mr.  N.  BoBSON  inquired  what  was  the  comparatiye  cost  of  the  slip 
dock  and  of  Mr.  Edwin  Clark's  new  system.  He  understood  the  latter 
was  accompanied  by  a  saying  of  25  per  cent  on  the  old  system. 

Mr.  BsLL  said,  that  as  &r  as  he  understood  the  matter,  Mr.  Clark's 
system  must  be  yery  ezpensiye,  owing  to  the  immense  extent  of  ground 
required,  and  the  costliness  of  the  apparatus,  independent  of  the  founda- 
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tionik  He  nndentood  that  llie  prxDciple  wa0  to  ftMl  Ae  vcntl  into  wlwi 
was  oalled  a  submerged  iaaoer,  or  in  other  word^  a  floati&g  dock  «iiiilv 
to  those  in  use  on  the  Tjme  and  the  Taj.  The  float  was  then  lifted  bj 
hydraulic  lifts  with  the  ship  in  it^  and  the  water  allowed  to  flow  ouL  It 
was  then  closed  against  the  water,  and  the  ships  floated  off  in  the  aancer 
to  be  repaired.  The  whole  weight  being  su^ended,  ships  float,  and  port 
of  the  water  must  make  the  weight  lifted  greater  than  that  in  the  case  of 
slips.  A  slip  would  oost  from  one-half  to  one-third  less  than  a  graving- 
dock,  aooording  to  the  sitoation.  A  floating  dook  of  iron,  something  on 
the  principle  of  the  American  floating  docks,  would  cost  about  £80,000. 
The  cost  of  slips  depended  rerj  much  on  the  foundations  required. 

Mr.  R  Napibr  understood  that  with  Ckurk's  system  the  Tarions  ship- 
builders could  have  saucers  of  their  own,  and  each  have  a  vessel  raiaed 
at  the  lift,  and  take  it  away  on  the  saucer  to  any  convenient  spot.  The 
syrtem  might  require  great  outlay  at  first,  but  very  great  accommodation 
was  given  by  it     He  was  not  aware  what  was  the  cost  of  the  saucerBi 

The  PiiBSiDBNT  said  Mr.  Bell's  paper  was  on  a  most  important  class  of 
works,  and  it  was  a  great  advantage  to  have  such  a  paper  from  one  who, 
like  Mr.  Bell,  had  had  so  great  a  share  in  their  improvement.  He  pro- 
posed a  cordial  vote  of  ^anks  to  Mr.  BeU,  which  was  unanimoualy 
awarded. 
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The  FovKiH  Mmnra  of  the  Session  wb»  held  in  the  Pfailosophioal 
Society's  Hall,  on  Wednesday,  19th  Januaiy,  181^9,  the  PBEionoir  in  the 
chair^ 


The  PBESiDEirr,  in  the  name  of  the  council,  proposed  the  following 
gentlemen  for  election  as  Honorary  Members : — 
The  Right  Honourable  the  Earl  of  Dundonald,  G.C.B.,  Admiral  of  the 

Sed,  Bear- Admiral  of  the  Fleet. 
James  Walker,  Esq.,  C.E.,  LL.D.,  F.RSS.L.  &  £.,  Past-President  of  the 

Institution  of  Civil  Engineers,  Consulting  Engineer  to  the  Trustees  of 

the  Clyde  Nayigation. 
James  Prescott  Joule,  Esq.,  LL.D.,  F.B.S. 
Charles  Piazzi  Smyth,  Esq.,  F.B.SS.L.  &  E.,  Astionomer-Boyal  for  Scotland. 


The  following  paper  was  then  read  :-^ 

Account  of  some  Practical  EaperimerUs  on  the  Econcrmc  Uee  of  Steam  in  Steam- 
Engines.    By  Mr.  Fbtbr  Caricichasl  of  the  Dens  Works,  Dundee. 

Haying  an  engine  of  forty  nominal  horses  power,  working  with  a  yery 
xmiform  load,  driving  flax-spinning  machinery,  it  occurred  to  the  writer 
that  a  few  experiments  on  different  methods  of  using  the  steam,  cut  off 
sooner  and  later,  and  with  different  pressures  in  the  boilers,  might  be  of 
use. 

For  the  purpose  of  obtaining  accuracy,  each  experiment  was  made  on 
ft  whole  week*s  work  of  60  hours.  The  following  particulars  were  noted 
and  recorded,  and  care  was  taken  to  insure  the  greatest  amount  of  uni- 
formity of  conditions  in  the  different  experiments : — 

The  coals  were  accurately  weighed,  including  every  pound  used,  from 
the  getting  up  of  the  steam  on  Monday  morning  until  stopping-time  on 
Saturday;  and  to  check  the  quality  of  the  coal,  the  whole  clinkers  and 
ashes  made  for  the  week  were  also  carefully  weighed.  The  quality  of 
the  coals  used  was  as  nearly  as  possible  the  same  in  all  the  experiments, 
being  a  mixture  of  Lochgelly  (in  Fife)  and  South  Hetton,  both  small  coals. 

The  water  supplied  to  the  boilers  was  measured  by  one  of  Kennedy^ 
water  meters,  and  no  water  was  blown  through,  nor  steam  blown  off, 
during  the  time  the  experiments  lasted  The  temperature  of  the  feed 
water  vas  noted,  daily,  as  also  the  height  of  the  water  in  the  boilers,  at 
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the  beginning  and  end  of  the  experiment  The  injection  water  aiqipGed 
to  the  condenser  was  made  as  nnifonn  as  possible,  the  injectioa  ood: 
having  a  two-inch  bored  hole,  which  was  kept  full  open  during  all  the 
experiments.  The  temperature  of  the  injection  and  discharged  water 
was  noted  daily,  to  show  the  amount  of  heat  imparted  to  ^e  water. 
Diagrams  of  both  top  and  bottom  of  the  engine  were  taken  daily,  and 
the  horses  power  calculated,  so  as  to  obtain  a  correct  ayerage  lor  the  weeL 
The  number  of  strokes  made  by  the  engine  for  the  week  was  recorded  by 
the  speed  clock,  and  the  overtime  counted  in  the  work  performed. 

The  Boilers. — ^The  engine  was  supplied  with  steam  by  two  round 
boilers,  each  7  feet  in  diameter,  and  24  feet  long,  with  two  flue  tubes 
through  each  in  the  common  form,  with  a  furnace  in  the  mouth  of  eadi 
tube;  the  furnace  part  of  the  tube  being  33  inches  in  diameter,  and  ooned 
down  to  29  inches.  The  furnace  bars  are  five  feet  long,  by  38  incha 
wide,  and  the  dumb  plate  16  inches  broad. 

The  Engine. — The  cylinder  is  35^  inches  in  diameter,  the  length  of 
stroke  being  4)  feet  The  rate  of  working  was  37  strokes,  or  333  feet 
per  minute  travelled  by  the  piston,  but  the  engine  by  the  speed  dock 
made  from  30  to  40  minutes  per  day  overtime.  The  actual  power 
was  calculated  from  diagrams  made  by  a  M'Naught*s  indicator  in  ^e 
usual  way,  thus — 

Are*  of  cj]ind«r  X  f^  tnTeUed  per  minute  X  •ffiMstime  preemre 
88,000 

In  each  experiment  six  diagrams  above  and  below  the  piston  were 
taken  and  calculated,  so  as  to  form  a  fair  average.  The  valves,  both 
steam  and  eduction,  are  conical  and  balanced,  and  the  steam  wipers  were 
changed  in  the  different  experiments,  so  as  to  shut  off  the  steam  at  the 
time  required  in  each. 

One  diagram,  made  during  each  experiment,  is  shown  in  Plate  4,  illus- 
trative of  the  lines,  and  showing  the  mode  of  calculating  the  effective 
pressure. 

The  following  are  the  results  obtained  in  the  several  experiments : — 

First  Experiment^  from  theSthtothe  13tA  November,  1858,  inekaive. 

Pressure  of  steam  in  boilers, *  80  lbs. 

Steam  cut  off  at  one-Jifth  of  the  stroke. 
Goals  consumed  for  the  week,  .  272i  cwt.  =r  30,520  Iba. 

Clinkers  made  for  the  week,  1040  lbs. 
Ashes  made  for  the  week,       476   ^' 


In  aU,         151 6  lbs.,  or  5  per  cent,  of  the  coals  used. 
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Total  water  supplied  to  boilers, 

being  13*3  cubic  feet  of  water  evaporated  per  cwt.  of  coals. 
Average  beat  of  feed  water  supplied  to  boilers, 

Do.         of  injection  water, 

I>o.         of  discharged  water,    . 
Heat  imparted  to  water  in  condensing, 
Average  horses  power  by  diagrams. 
Time  made  bj  the  engine  for  the  week. 
Coals  consumed  per  horse  power  per  hour. 


22,500  gala. 


112* 

112* 
80* 
135i 
68  hours,  12  min. 
8*56  lbs. 


Second  Experiment^  from  the  \hth  to  the  20^  November^  1858,  inclusive. 

Pressure  of  steam  in  boilers,    ......  80  lbs. 

Steam  cut  off  at  one-half  oi  ike  stroke. 
Coals  consumed  for  the  week,  .        296  cwt,  21  lbs.,  =  88,178  lbs. 

CUnkers  made  for  the  week,  1748  lbs. 
Ashes  made  for  the  week,       864    „ 


In  all, 


2107  lbs.,  or  6*8  per  cent,  of  the  coals  used. 


Total  water  supplied  to  boilers, 25,800  gals. 

being  14*01  cubic  feet,  of  water  evaporated  per  cwt  of  coals. 


Average  heat  of  feed  water  supplied  to  boilers, 
Do.         of  injection  water. 
Do.         of  discharged  water,    . 
Heat  imparted  to  water  in  condensing, 
Average  horses  power  by  diagrams,  . 
Time  made  bj  the  engine  for  the  week. 
Coals  consumed  per  horse  power  per  hour. 


112* 

79* 

112* 

88* 

180i 

64  hours,  8  min. 

8-97  lbs. 


Third  Easpenmmt^  from  the  22(f  to  the  21th  November^  1858,  inclusive. 

Pressure  of  steam  in  boilers, 15  lbs. 

Steam  cut  off  at  three-fourihe  of  the  stroke. 
Coals  consumed  for  the  week,  . 
Clinkers  made  ibr  the  week,  1786  lbs. 
Ashes  made  for  the  week,       518   '' 


869^  cwt,  =  41,856  lbs. 


In  all, 


2254  lbs.,  or  5*4  per  cent,  of  the  coals  used. 

o 
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Total  water  supplied  to  boilers, 30,800  gafa- 

being  13.3  cubic  feet  of  water  eraporated  p^r  c^vt.  of  coals. 
Average  heat  of  feed  water  supplied  to  boilers, 

Do.         of  injection  water. 

Do.         of  discharged  water,     . 
Heat  imparted  to  water  in  condensing, 
Average  horses  power  bj  diagrams, 
Hme  made  bj  the  engine  for  the  week, 
Coals  consumed  per  horse  power  per  hour, 


iir 

ur 

133 

SShctur^  I4mi&. 
4-91  lbs. 


TABLE  FOR  COMPARISON. 

itsp«r. 

Pmh. 
Boon. 

ForWMk. 

Cllnkn. 

Water 

Walw 
P«rewt.Ooa]a. 

PMv«r 

rtmm 
ForWeA 

«r 

pJSfp 

parhOTT 

la 

2 

8 

Ibi. 
80 

80 
15 

1 

80^20 
88,178 
41,856 

6-8 
5-4 

22,500 
25,800 
80,600 

•pbtofHi. 
18-8 
1401 
18-8 

18o| 
188 

B.     U. 

68  12 
64    8 
68  14 

80« 

4r 

8-56 
8-97 
4^1 

The  above  shows  a  consumption  of  coal  on  No.  2  of  11*5  per  cent,  more 
than  No.  I ;  and,  on  No.  8,  of  37'9  per  cent  more  than  No.  1.  Or — 
reversing  the  calculation — ^there  is  a  saving  of  19*1  per  cent,  on  No.  2  as 
compared  with  No.  3 ;  and  a  saving  of  27 '5  per  cent,  on  No.  1  as  com- 
pared with  No.  3. 

In  all  these  experiments  there  was  a  little  loss  in  the  economy  of  tbe 
coals  from  the  following  causes : — 

Ist,  The  boilers  were  not  covered  or  felted  on  the  top,  the  room  above 
them  being  used  for  drying  yam. 

2nd,  The  quality  of  the  coal  was  inferior,  as  sho^vn  by  the  large  per- 
centage of  clinkers  and  ashes,  which  was  not  only  a  direct  loss,  but  also 
spoiled  the  economic  working  of  the  fires. 

3rd,  The  heat  of  the  injection  water  was  rather  against  the  perfection 
of  the  vacuum  in  the  condenser,  but  this  could  not  be  avoided,  as  the 
water  required  to  be  returned  and  used  over  again  on  account  of  the 
supply  being  scanty. 

4th,  The  cubic  feet  of  water  evaporated  by  one  cwt.  of  coals  is  below 
the  ordinary  standard.  It  must,  however,  be  borne  in  mind  that  the 
experiments  were  continuous  from  week  to  week-'^'-commencing  with  the 
getting  up  of  the  steam  on  Monday  momiiig,  the  8th  November,  and 
continuing  until  Saturday,  27th  November,  and  included  every  pound  of 
coals  consumed  during  the  three  weeks,  whilst  there  was  a  dertaki  lo* 
from  the  stoppages  at  meal  hours,  and  from  the  getting  up  of  the  steam 
in  the  mornings. 
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To  make  certain  that  Experiment  No.  1,  which  gave  the  best  result, 
was  correct — after  the  three  experiments  were  completed,  which  occupied, 
as  already  stated,  three  weeks — the  steam  wipers  were  changed  to  the 
same  as  No.  1,  that  is,  to  cut  oflf  the  steam  at  one-fifth  of  the  stroke. 
This  was  continued  for  a  whole  week,  from  the  29  th  of  November 
to  the  4th  of  December,  1858,  inclusive,  and  the  results  were  as  under- 
noted  : — 

Pressure  of  steam  in  boilers,  80  lbs. 

Steam  cut  off  at  (me-Jifth  of  the  stroke. 
Coals  consumed  for  the  week,      .     262  cwt.  8  qrs.  21  lbs.  =  29,449  lbs. 
Clinkers  made  for  the  week,  1288  lbs. 
Ashes  made  for  the  week,        406  ^' 

In  all,  .     1694  lbs.,  or  5'7  per  cent,  of  the  coals  used. 

Total  water  supplied  to  the  boilers,  21,800  gallons,  being  13'36  cubic 

feet  of  water  evaporated  per  cwt.  of  coals. 
Arerage  heat  of  feed  water  supplied  to  boilers,  96**. 

Da  of  injection  water, 69"* 

Do.  of  discharged  water,     .         .         .  .         96'' 

Heat  imparted  to  water  in  condensing, 2T 

ATerage  horses  power  by  diagrams,  130*5. 

Time  made  by  the  engine  for  the  week,      .  .63  hours,  26  min. 

Coals  consumed  per  horse  power  per  hour,  .  3*55  lbs. 

Thtis  confirming  the  correctness  of  No.  1  Experiment. 


It  also  occurred  to  the  writer  that  the  reduction  of  the  pressure  of  the 
steam  in  the  boilers  in  No.  3  Experiment  to  15  lbs.  on  the  inch,  instead 
of  30  lbs.  in  the  other  two  experiments,  might  have  some  effect  in  increas- 
ing the  consumption  of  coals ;  and  to  ascertain  this,  the  steam  wipers  were 
changed  to  the  same  as  No.  3,  to  cut  off  the  steam  at  three-fourths  of  the 
length  of  the  stroke,  with  30  lbs.  pressure  of  steam  in  the  boilers.  This 
experiment  was  only  continued  for  three  days,  from  6th  to  8th  December, 
1858^  inclusive;  but  the  results  seemed  so  nearly  to  agree  with  the  No. 
3  as  recorded,  that  the  writer  did  not  think  the  difference  of  the  pressure 
of  the  steam  in  the  boilers  made  any  difference  in  the  economy. 


The  injection  cock  for  supplying  the  water  for  condensation  was  a  2-inch 
round  hole,  and  was  .kept  ftiU  open  in  all  the  experiments,  and  is  12  inches 
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below  the  level  of  the  water  in  the  pond,  so  that  one  foot  has  to  be  added 
to  the  head  of  water,  as  indicated  by  the  diagrams  :— 

No.  !• 
Average  yacniun,  12'11  lbs.  X  2'8  ft,  +  1  foot  =  28-85  ft  head  of  water. 

No.  2. 
Average  vacuum,  11*59  lbs.  X  2*3  ft.,  +  1  foot  =r  27*65  ft.  head  of  water. 

No.  3. 
Average  vacuum,  11*47  lbs.  X  2*3  ft.,  +  ^  ^t  =  27*88  ft.  head  of  water. 

The  injection  pipes  are  of  large  size — six  inch  bore ;  the  only  contrac- 
tion is  at  the  injection  cock,  all  the  other  parts  allowing  a  free  flow  to  the 
water.  From  this  can  be  calculated  the  quantity  of  injection  water  sup- 
plied per  stroke,  or  per  minute,  in  the  different  experiments.  The  steam 
cylinder  has  a  jacket,  and  is,  in  addition,  carefully  covered  with  felt  and 
cased.  The  steam-pipes  leading  from  the  boiler-house  to  the  engine  are 
also  well  covered ;  but  they  are  uncovered  in  the  boiler-house,  the  heat 
from  them,  as  well  as  from  the  top  of  the  boilers,  being  utilized  for  drying 
purposes. 

Various  experiments  were  made  to  ascertain  the  heat  of  the  products 
of  combustion  escaping  from  the  boilers.  They  were  performed  as  follows : 
—A  number  of  thin  slips  of  metal,  fusible  at  different  temperatures,  were 
prepared,  and  hung  by  small  vrires  in  the  flue  leading  from  the  boilers  to 
the  chimney.  The  metals  tried  were— zinc,  which  melts  at  about  700*; 
lead,  which  melts  at  about  600*" ;  bismuth,  which  melts  at  about  500" ; 
tin,  which  melts  at  about  440** ;  and  an  alloy  containing  three  parts  tin, 
and  one  part  lead,  which  melts  at  about  3G7^  The  three  last-named 
melted  at  once ;  the  lead  (600**)  sometimes  remained  for  a  few  minutes 
without  melting,  but  if  the  fires  were  stirred  it  melted  immediately.  In 
all  the  experiments  the  zinc  (700**)  remained  immelted.  These  experi- 
ments were  repeated  so  often  with  the  same  results,  that  the  writer  came 
to  the  conclusion  that  the  escaping  heat  was  between  ^W  and  700^ 

The  chimney  into  which  the  flues  are  led  is  situated  on  an  eminence  at 
a  considerable  distance  from  the  furnaces,  and  the  flues  frx>m  14  boilers, 
each  having  two  furnaces,  are  led  into  it.  To  get  some  more  information 
respecting  the  state  of  the  conducting  flue,  a  hole  was  opened  into  it  at  a 
distance  of  200  feet  fi*om  the  boilers,  and  exactly  the  same  results  were 
again  obtained,  the  lead  (600*^  very  soon  melting,  and  the  zinc  (700^ 
remaining  intact. 

This  great  loss  of  heat  has,  io  all  cases  tried,  been  so  uniform  that  it 
appears  to  follow  some  law  in  the  kind  of  furnaces  and  boilers  used. 

In  conclusion,  it  remains  only  to  say,  that  in  all  these  statements  the 
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writer^s  aim  has  been  to  record  restdts  as  carefully  and  correcUj  as  pos- 
sible, without  attempting  to  draw  any  conclusions  having ;  no  bias  towards 
anj  view  of  the  subject,  and  seeking  only  the  most  economical  results. 
He  is  aware  that  there  are  statements  of  engines  doing  their  work  with 
a  much  smaller  consumption  of  coals,  per  horse  power  per  hour,  than  the 
beat  here  recorded ;  but  they  are  chiefly  pumping  engines.  In  most  cases 
there  is  a  great  want  of  minute  information  to  show  where  or  how  the 
saving  is  effected,  such  as  would  enable  a  practical  man  to  copy  the  best 
examples,  and  it  is  beyond  all  doubt  that  there  is  an  enormous  amount  of 
fuel  wasted  for  want  of  such  information. 

If  these  statements  have  the  effect  of  inducing  others,  who  have  better 
results  than  those  here  recorded,  to  come  forward  and  make  them  public, 
they  will  have  answered  the  purpose  of  the  writer. 


The  President  said,  the  account  of  the  experiments  of  Mr.  Carmichael 
so  intelligible  that  he  thought  much  explanation  on  the  subject  would 
not  be  required.  He  would  be  glad  if  the  members  present  would  make 
any  observations  that  occurred  to  them. 

Mr.  Elder  said,  that  7}  lbs.  of  water  per  lb  of  coal  was  about  the  usual 
average  evaporation  if  the  boilers  were  in  good  condition.  He  thought  the 
engine  referred  to  in  the  paper  was  a  first-rate  example  of  a  good  factory 
engine,  and  he  would  like  to  find  many  engines  of  a  similar  kind.  The 
engine  of  his  own  firm  burned  4^  lbs.;  but  it  was  an  expansive  engine,  and 
had  lately  been  brought  to  consume  only  3}  lbs.  The  figures,  as  regarded  it, 
were  very  like  those  arrived  at  by  the  writer  of  the  paper,  which  certainly 
showed  that  there  was  some  benefit  in  expansion.  The  other  day  he  had 
a  letter  from  a  person  in  London,  calling  in  question  the  advantage  of 
carrying  expansion  beyond  half-stroke,  and  stating  that  it  was  contrary  to 
experience  to  do  so.  Now,  he  thought  that  the  facts  stated  in  the  paper 
very  clearly  showed  that  there  was  advantage. 

The  Secretary,  in  reply  to  the  President,  stated  that  the  cylinder  of 
Mr.  Carmichaers  engine  had  a  steam  jacket  round  it.  He  also  said,  in 
reply  to  a  member,  that  the  pressure  given  in  the  paper  was  the  pressure 
above  the  atmosphere,  and  not  the  absolute  pressure.  The  valves  used 
were  common  equilibrium  valves,  worked  by  wipers.  There  was  no 
expansion  valve  used  in  the  experiments. 

Mr.  W.  I^EiLSON  considered  the  consumption  of  fuel  rather  high.  Six 
or  eight  years  ago  it  was  quite  common  for  people  getting  engines  made 
in  England,  to  stipulate  that  the  en^ne  should  not  consume  more  than  2} 
lbs.  per  horse  power ;  but  these  were  double  cylinder  engines  with  steam 
jacket  As  regarded  consumption  of  fuel,  imperfection  in  the  boilera 
would  counterbalance  the  good  performance  of  the  engines. 


Mr,  B^owvlES>  obyerT^d  ttiat Mr.  Gaxnuduiel  had  to  use  th^same  ^lyecliQn 
water  over  again,  and  that  his  engine  had  the  disadvantage  of  a  bad  vacaom. 

Mr.  Elder  thought  that  the  average,  which  was  12  lbs.,  could  not  be 
palled  a  bad  vacuum. 

The  Pbebidkkt  Qbserved,  that  from  the  diagram  it  appeared  that  in 
Experiment  No.  X — ^that  in  which  there  was  most  expansion — the 
vacuAUB  was  11*8;  in  Experiment  No.  2  it  was  1159 ;  and  in  Experiment 
No.  3  it  was  11*25 — a  finot  that  verified  the  common  observation,  that 
with  great  'expansion  the  vacuum  in  the  cjUnder  became  better.  The 
best  vacuum  obtained  was  118,  the  worst  11*25,  and  the  averagi^  vus 
U'5  lbs. 

Mr.  Laweie  called  attention  to  the  fact,  that  the  boilers  being  uncovered 
would  have  an  effect  in  causing  a  variation  of  the  pressure. 

Mr.  Napier  said,  that  some  years  ago  he  made  a  number  of  experiments 
respecting  the  economy  of  fiiel  by  comparing  diagrams.  By  measuring 
the  length  of  the  steam-line  at  atmospheric  pressure  he  obtained  the 
quantity  of  steam,  and  the  area  of  the  diagram  gave  the  power.  On 
comparing  these  he  was  led  to  the  conviction  that  in  many  cases  there 
was  no  saving  at  all  to  be  got  from  expansion.  He  oould  not  positively 
assert  this ;  for  it  was  a  theoretical  conclusion  to  regard  the  length  of  tlie 
atmospheric  line  as  representing  the  quantity  of  steam ;  besides,  the  quan- 
tity of  fuel  was  not  weighed,  Uiough  the  coals  were  measured,  but  he  had 
no  faith  in  that  mode  of  ascertaining  their  exact  quantity.  He  thought 
that  in  w^orking  on  the  expansion  principle  with  ordinary  engines,  no 
saving  oould  be  made.  The  results  he  obtained  from  the  steamer  Islesman 
showed  no  saving ;  for  the  consumption  was  double  that  mentioned  in  the 
paper.  However,  the  experiments  made  by  Mr.  Garmichael  showed  that 
there  was  an  advantage  in  working  expansively  in  a  proper  manner.  Mr. 
Elder  stated  at  last  meeting,  he  thought,  that  in  working  his  engine  expan- 
sively, when  he  did  not  use  a  steam-jacket,  he  had  to  atop  it  every  half 
hour  in  order  to  let  out  the  water  that  was  condensed  in  the  cylinder. 

Mr.  Elder  remarked  that  a  large  steam-jacket  was  better  than  a  small 
one.  He  considered  that  large  cylinder  capacity  with  steam  jackets,  not 
only  round  the  cylinder,  but  also  at  top  and  bottpm,  the  best  means  of 
reducing  the  consumption  of  fuel. 

The  President  read  a  note  of  an  experiment  he  had  made  with  a  pair  of 
double  cylinder  engines,  which  showed  a  consumption  of  31bs.  of  coal  per 
H.P.  The  circumstances  were — steam  expanded,  4^  times  on  one  side^ 
and  6^  times  on  the  other  side  of  the  piston,  giving  an  average  of  5  times : 
net  evaporation  7^1bs.  of  water  to  lib.  of  coal. 

Mr.  Neilson  remarked  that,  in  Mr.  Garmichael's  experiment,  the  quan- 
tity of  coal  mentioned  was  used  for  getting  up  steam,  as  well  as  for  Uie 
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tiine  the  engine  was  ftcttuJly  working — a  &Gt  that  fthotild  be  borne  in  mind 
when  comparing  tbe  results  of  these  experiments  with  others. 

Mr.  Napier  sud  he  found  that  in  cutting  off  steam  at  less  than  half 
stroke,  there  was  no  advantage  to  be  gained.  In  the  hlesman  he  found 
that  more  coal  was  burned  when  the  steam  was  cut  off  at  two-tenths,  than 
when  at  four-tenths,  and  no  additional  power  was  gained.  He  never 
loand  that  the  vessel  went  faster  when  he  used  the  expansion  valve ;  and 
on  trying  to  beat  other  boats  by  using  expansion,  he  failed.  His  opinion 
was  home  out  by  a  French  writer,  and  also  by  a  writer  in  the  Mechanic's 
M€xg€tzine. 

Mr.  NsiLaoN  thought  that  was  probably  bectfus^  the  boilers  were  too 
smalL 

Mr.  Brownlee  held  that  there  was  nothing  to  be  gained  from 
expannon  without  a  steam  jacket ;  and  he  found  that  the  admission  of 
steam  during  a  considerable  part  of  the  stroke  Wto  an' advantage.  On 
the  river  Mississippi,  where  steam  was  used  at  a  pressure  of  from  100  lb. 
to  1501b.,  it  was  cut  off  at  half  stroke. 

Mr.  Elder  referred  to  the  loss  of  power  arising  from  friction  in  engines, 
which  was  a  subject  well  worthy  of  the  attention  of  engineers.  He  thought 
they  should  be  able  to  calculate  the  amount  of  power  so  lost ;  for  he  had 
himself  tried  in  one  or  two  cases  to  do  so,  and  succeeded  pretty  well  in 
ascertaining  what  the  amount  of  the  friction  was,  and  the  power  usually 
absorbed  by  it  It  was  not  a  very  large  quantity.  In  some  engines  there 
was,  however,  a  difference  of  40  per  cent,  in  the  friction. 

The  President  expressed  a  hope  that  Mr.  Elder  would  favour  the 
Institution  with  some  experimental  results  as  to  loss  of  power  in  engines 
from  friction. 

Mr.  Neilson  said  he  was  surprised  to  find  Mr.  Napier  still  wavering 
in  his  &ith  in  the  advantages  of  expansion ;  for  he  had  expected  that  he 
would  have  admitted  at  once  that  expansion  was  theoretically  correct, 
and  proved  by  figures  and  diagrams.  Of  course,  in  applying  the  prin-  - 
dple  in  engines  not  constructed  with  the  care  that  was  necessary  to  insure 
economy,  the  advantages  might  not  be  obtained ;  l^t  theoretically  M  was 
quite  apparent.  Mr.  Neilson,  after  illustrating  the  theory  of  expansion, 
with  thte  aid  of  a  diagram,  went  on  to  s^y  that,  as  a  very  slight  change  in 
temperature  produced  a  great  change  in  pressure,  it  was  plain  that  with 
cold  cylinders,  and  without  jackets,  there  must  be  a  loss  of  poweKthat 
would  almost  lead  one  to  deny  the  benefit  of  expansion  altogether,  were 
it  not  proved  that,  when  properly  applied,  the  principle  was  most 
advantageous.  It  was  to  be  hoped  that  the  time  would  soon  come 
when  marine  eng^es  would  be  made  ^th  care,  when  the  boilers  would 
he  properly  protected,  and  when  engine-rooms  would  no  longer  be 


56  Onth$  Economic  Uh  of  Steam  in  Steam-Enffinei. 

found  hot  enough  to  roast  one,  nor  heated  air  be  wastefoUj  allowed  to 
escape  through  every  crevice  of  the  deck.  It  was  well  worth  the  while  of 
■engineers  to  exert  themselves  to  promote  economy  in  every  small  point 
Take  the  marvellous  result  recently  obtained  of  a  consumption  of  onlj 
1  lb.  of  coal  per  indicated  horse  power  per  hour,  and  compare  it  with  the 
consumption  of  some  of  the  fast  vessels  of  most  of  our  large  steam  navi- 
gation companies,  and  see  what  a  vast  sum  of  money  wasted  by  them 
could  be  saved,  were  the  same  economical  principles  applied  to  their 
engines !  In  future  increased  attention  would  undoubtedly  be  given  to 
the  consumption  of  fuel  by  marine  engines. 

Mr.  Napier,  being  asked  what  was  the  consumption  of  fuel  in  the  esse 
of  the  Islesman,  said  he  hoped  in  time  to  reduce  it  to  1  lb.  per  indicated 
horse  power  per  hour. 

Mr.  Browklee  alluded  to  the  circumstance,  that  frequently  about  half 
the  steam  going  into  a  cylinder  was  condensed  on  entering  it,  and  called 
attention  to  Watt*s  plan  for  preventing  this.  A  mistake  sometimes  made 
in  using  steam-jackets  was  the  not  having  the  steam  in  the  casing  at  the 
full  pressure  in  the  boiler ;  and  unless  this  was  done,  the  pressure  is 
the  cylinder  would  not  equal  that  in  the  boiler. 

Mr.  Lawrie  remarked  that  he  had  it  on  the  authority  of  Mr.  Bobert 
Stephenson,  that  an  experiment  was  made  in  which  a  flue  was  carried 
round  a  cylinder,  and  it  was  found  that  one  cwt.  of  coal  burned  in  it,  gave 
a  result  equal  to  three  cwt.  burned  in  the  boiler  furnace. 

Mr.  Neilson  said  it  was  a  well-known  fact,  that  the  more  within 
certain  limits  heat  was  added  to  steam  as  it  expanded,  the  greater  were 
the  results  obtained.  This  arose,  not  from  any  law  of  latent  heat,  but  from 
the  expansion  of  the  gases. 

Mr.  Napier  said,  in  case  his  views  might  be  misunderstood,  he  most 
explain  that  he  did  not  mean  there  was  no  gain  from  using  expansion,  but 
that  when  the  expansion  was  pushed  beyond  a  certain  point — ^to  cutting 
off  at  one-fiilh  of  the  stroke,  for  example — you  gain  nothing. 

Mr.  Neilson  said  it  could  be  proved  from  diagrams  that  there  was  a 
gain. 

Mr.  Napier  placed  no  trust  in  diagrams. 

Mr.  Neilsok  admitted  that  there  was  no  economy  to  be  found  in  cutting 
off  steam,  unless  when  used  at  a  pressure  of  at  least  100  lbs. 

The  President  said  the  extent  to  which  expansion  could  be  carried 
with  practical  benefit,  depended  on  the  initial  pressure  of  the  steam.  He 
had  seen  an  engine  in  which  the  steam  was  expanded  from  14  to  16  times. 
Useful  work  was  performed  during  the  whole  of  that  expansion,  because 
the  absolute  initial  pressure  was  110  lbs.,  or  95  lbs.  above  the  atmosphere; 
9o  that  the  pressure  at  the  end  of  the  expansion  was  still  sufficient  to 
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overcome  the  back  preasnre  and  friction.  The  yacuum  was  ll^lbs.,  and 
the  back  pressnre  S-^lbs.  The  steam  on  one  side  of  the  piston  was 
expanded.  14,  and  on  the  other  16  times.  The  engine  was  a  double- 
cylinder  one :  one  cylinder  was  jackete,  dthe  other  unjacketed. 

Mr.  XtAWREB  said  it  was  important  in  connection  with  the  subject  to 
remark,  that  the  speed  of  the  piston  should  be  taken  into  account ;  for 
wil^  slowly-moving  pistons  there  was  time  allowed  for  the  cooling  of  the 
cylinder.  The  cause  here  indicated  might  possibly  have  prevented  gain 
in  the  case  of  the  laleeman, 

Mr.  Napier  said  there  were  few  &ster  working  engines  than  the  IsteS" 
man,  With  'a  3  feet  stroke  the  engine  made  70  revolutions  a  minute. 
The  speed  had  lately  been  reduced,  and  all  who  worked  the  engine  agreed 
that  the  consumption  of  fuel  was  less  than  before. 

Mr.  Lawbie  said  he  recently  offered  a  steam  ship  company  to  supply 
the  engine  of  one  of  their  vessels,  at  his  own  expense,  with  an  apparatus 
for  heating  the  steam,  but  he  found  it  abeady  pat.ented.  He  had  often 
found  a  great  difference  of  pressure  between  boilers  and  engines,  which 
was  more  in  some  cases  than  in  others ;  and  it  increased  when  the  engine 
was  worked  expansively,  especially  if  without  a  steam-jacket.  The  reduc- 
tion of  the  pressure  in  these  cases  was  no  doubt  owing  to  the  rapid  con- 
densation of  the  steam  on  entering  the  cyHnder,  and  to  counteract  it  either 
superheated  steam  or  steam-jackets  must  be  used. 

The  Pbesident  said,  that  in  the  Cornish  engines  the  pressure  in  the 
cylinder  was  often  less  than  one-half  that  in  the  boiler. 

Mr.  Brownlee  ascribed  the  reduction  of  pressure  in  Cornish  engines 
to  the  small  size  of  the  valves,  and  also  to  the  &ct  that  it  was  considered 
unsafe  to  admit  the  full  boiler  pressure  to  the  cylinders. 

Mr.  Lawreb  considered  that  if  the  passages  were  large  enough,  and  the 
heat  kept  up,  the  pressure  of  the  steam  in  the  cylinder  should  be  the  same 
as  in  the  boiler. 

Mr.  Napieb  remarked  that  the  valves  in  the  laleeman  were  12  inches, 
which  he  thought  large  enough  for  the  engine. 

Mr.  Lawsie  said  he  tmderstood  Mr.  Inglis  had  particulars  of  an  engine 
which  burned  less  coal  than  the  Islesman's. 
Mr.  Napier  asked  if  the  coals  were  weighed  in  the  case  referred  to. 
Mr.  Inglis  had  the  statement  from  the  engineer,  who  said,  that  whilst 
on  a  voyage  the  engine  was  worked  expansively,  and  the  consumption  of 
coal  reduced  from  5*5  lbs.  to  4*6  lbs. 

Mr.  Napier  held  that  the  smallness  of  the  cylinder  and  the  amount  of 
snr&ce  it  presented  in  the  case  of  the  hUsman^  had  something  to  do  with 
the  quantity  of  coal  the  engine  consumed.  It  was  also  to  be  recollected 
that  the  cylinder  of  the  leUsman  was  placed  on  the  top  of  the  condenser. 
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The  President  said,  that  in  expansive  en^es,  where  condensation  wis 
prevented,  the  results  obtained  from  experiments  agreed  with  ^eoiy, 
within  2  per  cent.,  or  some  such  small  difference. 

Mr.  MosiON  having  called  attention  to  Wetiherhed's  apparatus  for 
superheating  steam, 

The  PsEsiDEMT  remarked,  that  he  believed  the  apparatus  introduced 
the  superheated  steam  near  the  ports  of  the  cylinder  to  mix  with  steam 
that  was  not  superheated,  and  that  the  mixed  steam  was  thus  super- 
heated to  a  less  degree.  He  never  heard  a  reason  assigned  for  this  mode 
of  superheating  being  better  than  the  direct  superheating  of  the  yrhok  of 
the  steam. 

Mr.  MoBTON  said,  he  understood  that  bj  mixing  superheated  stesm 
with  the  other  steam  there  was  an  advantage  of  nearly  30  per  cent. 
There  was  an  expeiiment  made  with  combined  steams,  and  the  best  result 
obtained  was  a  consumption  of  2*7  lbs.  of  coal  per  horse  power  per  hour. 
The  valves  in  that  txial  were  not  altered ;  but  he  was  not  aware  whether 
the  engine  worked  expansively  or  not 

The  Pbesidemt  observed  that  that  was  about  equal  to  some  of  tbe 
results  got  with  ordinary  engines  when  worked  expansively. 

Mr.  Lawbie  mentioned  an'  experiment  made  on  the  steamer  Dee^  vAen 
only  a  third  of  the  steam  was  superheated,  but  without  any  saving. 

The  Psesidemt  said,  he  believed  that  was  what  was  called  the  ^'com- 
bined steam**  system. 

Mr.  NiPiEB  thought  that  experiments  had  shown  that,  to  heat  the  entire 
steam  supplied  to  the  cylinder,  was  the  same  in  point  of  effect  as  to  heat 
only  a  portion  of  it ;  and  whatever  saving  was  observable  from  the  experi- 
mei^  with  combined  steams,  probably  arose  from  a  different  cause  than 
what  was  supposed.  ^lany  boilers  sent  more  than  steam  into  the  engine. 
What  old  engineers  called  "  dry  steam"  was  just  what  modem  engineers 
called  "  superheated  steam,**  or  steam  without  water.  Now,  if  a  boiler 
sent  over  water  along  with  the  steam,  and  if  superheating  were  applied, 
•of  course  the  effect  of  an  additional  boiler  would  be  produced.  From 
French  experiments  he  found  that  the  amount  of  ''  prinung"  varied  from 
5  to  25  per  cent. 

The  PsESiDENT  asked  if  these  experiments  distinguished  between  actoal 
priming  from  the  boiler  and  condensation  in  the  cylinder? 

Mr.^APiEB  said,  the  experiment  referred  to  the  water  coming  over 
with  the  steam  from  the  boiler;  but  he  did  not  know  exactly  whether  the 
distinction  was  made. 

The  President  observed  that  an  ingeniously-contrived  apparatoSf 
intended  to  prevent  "priming,"  had  been  tried  in  the 'neighbourhood  of 
Glasgow,  which  was  on  the  principle  of  a  centrifrigal  fan,  to  scatter  the 
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drops  of  water  brought  over  by  the  steam,  and  send  them  back  again  to 
t;lie  boiler.  It  had  not,  howeyer,  the  effect  of  attaining  the  object  desired 
— of  preventing  water  fromi  collecting  in  the  cylinder — for  it  was  found 
that  what  was  supposed  to  be  '*  priming,''  was  really  water  produced  in 
the  cylinder  by  condensation.  This  &ct,  of  course,  rendered  the  experi- 
ments of  Pambour,  and  a  number  of  others,  upon  the  priming  of 
locomotiyes  incondusiTe ;  for  these  experimentalists  were  not  aware  of 
that  condensation  taking  place  when  they  set  down  all  the  water  in  the 
cylinder  as  occasioned  by  priming  from  the  boiler.  Some  had  estimated 
the  amount  of  priming  at  40  per  cent. ;  but  it  was  impossible  to  say  what 
the  real  amount  was,  and  it  was  probably  much  less  than  40  per  cent. 
It  appeared  to  him  that  there  was  reason  to  suspect  that  the  friction  of 
moist  steam  in  passing  through  pipes  was  greater  than  that  of  dry  steam ; 
and  when  a  boiler  primed,  there  was  a  much  greater  loss  of  pressure 
to  the  steam  than  when  it  came  over  in  a  dry  state,  and  that  loss  of 
pressure  was  probably  owing  to  the  friction  of  the  cloudy  steam.  What 
confirmed  him  in  this  belief  was,  that  with  cloudy  steam  there  was  an 
electrical  action  produced.  Dr.  Faraday  had  made  experiments  on  letting 
jets  of  steaip  issue  from  a  boiler,  and  he  found  that  if  the  steam  was  dry 
no  electricity  was  manifested,  and  that  it  was  necessary,  in  order  to  pro- 
duce electricity,  that  powder  or  drops  of  water  should  be  carried' with  the 
steam  so  as  to  cause  friction. 

Mr.  Lawbib  said,  that  the  experiment  on  priming,  to  which  the  Presi- 
dent had  referred,  was  made  on  the  Caledonian  Railway.  He  differed 
from  the  President  in  opinion ;  for  he  did  not  think  that  the  experiment 
at  all  proved  that  water  did  not  come  from  the  boiler  along  with  the 
steam. 

The  Pbbsident  did  not  wish  to  be  understood  as  saying  that  it  proved 
that  no  water  came  over  from  the  boiler;  all  he  meant  was,  that  the 
experiment  showed  that  there  was  other  water  produced  in  the  cylinder 
besides  what  might  come  over  with  the  steam. 

Mr.  Neilson  thought  the  Institution  would  be  glad  to  have  a  paper 
from  Mr.  Rowan,  explaining  how  economy  in  the  consumption  of  fuel   - 
could  be  brought  to  the  low  figure  of  only  1  lb.  of  coal  per  horse  power. 

Mr.  Rowan  said  he  would  be  happy  to  lay  a  paper  before  the  Institu- 
tion as  soon  as  he  had  completed  some  further  experiments  he  proposed 
making. 

A  vote  of  thanks  to  Mr.  Carmichael  for  his  paper  was  cordially  adopted. 


60  Fyih  Meeting. 


Thb  Fifth  MsBTiNa  of  the  Session  was  held  in  the  Philosophical  Sodety's 
Hally  on  Wednesday,  16th  February,  1859— the  Pbesident  in  the  chair. 


The  Pbesidkmt,  in  the  name  of  the  Council,  proposed  the  election  of 
the  following  gentlemen  as  Honorary  Members : — 
William  Fairbairn,  Esq.,  C.£^  F.ILS.,  F.G.S. 

William  Thomson,  Esq.,  A.M.,  LL.D.,  F.B.SS.  L.  &  E.,  Professor  of 
Natural  Philosophy  at  the  Universi^  of  Glasgow. 


The  meeting  unanimously  elected  as  Honorary  Members  the  four  gen- 
tlemen proposed  at  the  last  meeting. 


A  donation  was  laid  on  the  table  from  Mr.  Fairbairn  consisting  of  the 
following  works  by  that  gentleman: — 

On  Canal  Navigation.     1831. 

OheervaJtume  on  Impravementa  of  the  Town  of  Manchester.    1886. 

Account  of  the  ConetrucUon  of  the  Britcmnia  and  Conway  Tubular  Bridgee, 
1849. 

Uaejiil  Information  for  Engineers.     1856. 

On  Tulmlar  Wrought-iron  Cranes  (from  Transactions  of  the  Institution 
of  Mechanical  Engineers).     1857. 

On  the  Sliding  Caisson  at  Keyham  Dockyard  (from  Transactions  of  the 
Institution  of  Civil  Engineers).     1857. 

On  the  Tensile  Strength  of  Wrought-iron  (from  the  Report  of  the  British 
Association  for  1856).     1857. 

On  the  Application  of  Cast  and  Wrought-iron  to  Building  Purposes.  1857, 
1858. 

On  a  Floating  Steam  Corn  MUl  and  Bakery  (from  Transactions  of  Uie 
Institution  of  Mechanical  Engineers).     1858. 

On  the  Besistance  of  Tubes  to  Collapse,  1858,  (from  the  Philosophical 
Transactions,  and  also  from  the  Engineer's  and  Contractor's  Pocket-Book 
for  1859.) 

Notice  Extraite  du  Panthdon  Biographique.     1859. 

A  vote  of  thanks  was  passed  for  this  donation. 
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Before  proceeding  to  read  the  papers  for  the  eyening, 
The  Pbesidekt  said,  they  were  all  aware  that  since  their  last  meeting 
the  Institution,  and  the  engineering  profession  generally,  had  sustained  a 
heavy  loss  in  the  death  of  two  of  their  members — ^Mr.  Dayid  Tod,  the 
eminent  iron  shipbuilder,  and  Mr.  Daiobl  Mackain,  who,  he  said,  was 
one  of  the  heads  of  the  profession  of  water-engineering  in  Scotland.  The 
Council  of  the  Institution  had  considered  how  they  could  most  appropri- 
ately express  the  Institution's  deep  sense  of  the  loss  sustained  by  the  death 
of  those  two  members ;  and  they  had  come  to  the  conclusion  that  the  best 
thing  they  could  do  was  to  direct  the  Secretary  to  prepare  notices  of  the 
lives  and  professional  careers  of  both  gentlemen,  to  be  published  in  the 
Transactions  of  the  Institution.  He  hoped,  therefore,  that  any  member 
who  could  give  any  information  upon  the  subject  would  furnish  it  to  the 
Secretary. 


Memoir  of  Mr.  David  Tod. 

Mr.  David  Tod  was  the  architect  of  his  own  fortunes,  having  been  bom 
of  humble  but  respectable  parents  at  a  village  in  the  parish  of  Scone^ 
Perthshire.  He  commenced  his  professional  career  as  apprentice  to  a 
country  millwright,  and  after  in  this  capadty  proving  himself  to  be  a 
first-class  workman,  he  came  to  Glasgow  in  search  of  work,  first  obtaining 
it  at  Shettleston.  He  subsequently  entered  the  workshop  of  Mr.  David 
Napier  at  Camlachie,  where  he  may  be  said  to  have  first  entered  upon  the 
special  branch  of  engineering  to  which  the  chief  part  of  his  life  was 
devoted,  and  where  also  he  met  with  the  late  Mr.  John  McGregor,  who 
was  eventually  to  be  his  partner.  Mr.  Tod's  talent  and  practical 
mechanical  skill  insured  him  a  gradual  but  sure  and  certain  rise  in 
position ;  during  which  it  was  ever  his  aim  to  obtain  experience  in  every* 
thing  connected  with  his  business,  not  only  in  the  workshop  but  also  in 
the  engine-rooms  and  stoke-holes  of  steamers  in  regular  work.  He  was 
engineer  to  the  Bob  Bot^ — ^the  first  sea-going  steamer,  and  which  plied 
between  Glasgow  and  Belfast — ^and  he  subsequently  acted  as  chief  engineer 
of  various  other  and  larger  steamers*  Conjointly  with  Mr.  McGregor,  he 
commenced  iron-shipbuilding  and  engine-making  on  his  ovm  accoimt, 
under  the  firm  of  Tod  and  McGregor,  whose  name  is  now  to  be  found 
impressed  upon  upwards  of  one  hundred  successful  sea-going  steamers, 
besides  many  river  steamers.  They  began  in  a  small  place  in  Carrick 
Street,  Glasgow,  where  trade  flowed  in  so  rapidly  upon  them  that  they 
soon  saw  it  was  necessary  to  have  larger  premises.  Accordingly  a  large 
piece  of  ground  was  feued  at  Anderston  quay,  and  a  splendid  shop  erected 
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thereon,  to  which,  as  is  always  the  case  with  rising  firms,  large  additzoos 
and  improyements  have  from  time  to  time  been  made,  and  which  is  now 
considered  one  of  the  finest  and  best- arranged  workshops  in  the  kingdom. 
Messrs.  Tod  and  McGregor  were  the  first  to  make  iron-shipbuilding  a 
trade.    The  first  steamer  they  built  for  this  country  was  for  the  Dumbarton 
Company ;  and,  as  a  proof  of  the  foresight  of  Mr.  Tod,  he  offered  to  make 
the  ship  fifteen  feet  longer  than  their  model  without  any  extra  charge, 
being  conyinced  the  extra  length  would  giye  much  greater  speed,  with 
the  same  power.   The  owners  would  not  accept  this  offer,  as  they  thought 
she  would  not  take  the  turns  in  the  riyer  quickly  enough.     Now,  how- 
eyer,  the  riyer  steamers  are  much  longer  than  eyen  he  at  that  time 
'contemplated.     The  next  step  was  to  suggest  the  building  of  sea-going 
steamers  of  iron,  and,  after  a  great  deal  of  trouble,  a  company  was  formed 
to  sail  steamers  between  Glasgow  and  LiyerpooL    Two  yessels  were  built, 
called  the  Royal  Sovereign  and  Royal  Oeorge^  which  kept  their  ground  against 
a  strong  opposition  and  many  predictions  of  fidlure.     The  owners  then 
ordered  another  steamer,  and  gaye  Mr.  Tod  a  carte  blanche  as  to  4imen- 
sions,  power,  &c.,  on  which  terms  he  engaged  to  beat  anything  afloat.     Hie 
result  was  the  splendid  steamer,  the  first  Princesa  Royal^  which  at  once  put 
an  end  to  all  opposition,  the  other  company's  steamers  haying  no  chance. 
They  next  built  the  screw  steamer  C%  of  Glasgow  for  the  Atlantic 
trade,  which  yessel  made  three  or  four  trips  to  New  York,  proying  bejond 
a  doubt  that  such  yessels  would  pay  in  the  trade.     Companies  were 
immediately  formed  both  in  Liyerpool  and  Glasgow,  which  haye  turned 
out  eminently  succesful.    Messrs.  Tod  &  McGregor  built  also  many  of  the 
finest  ships  of  the  splendid  fleet  belonging  to  the  Peninsular  and  Oriental 
Steam  Nayigation  Company.    No  single  firm  has  contributed  more  than 
they  to  the  present  extended  and  extending  use  of  the  screw  as  a  propeller 
for  steamships,  and  perhaps  a  higher  indication  of  sagacity  could  not  be 
exhibited  than  that  giyen  by  them  in  leading  the  yan  in  the  application 
and  improyement  of  this  instrument.    Altogether  there  haye  been  built 
by  this  enterprising  firm  about  60,000  tons  of  shipping,  and  they  have 
supplied  engines  to  the  extent  of  19,500  horses  power. 

This  brief  notice  of  Mr.  Tod's  career  would  be  yery  incomplete  without 
a  mention  of  the  noble  graying-docks  which  haye  recently  been  con- 
structed for  his  firm  at  the  confluence  of  the  Kelyin  with  the  Clyde. 
Their  construction  affords  another  instance  of  Mr.  Tod's  far-sighted 
sagacity,  and  of  his  liberal  and  enlightened  disposition.  The  representa- 
tiyes  of  his  firm  cannot  fail,  sooner  or  later,  to  reap  an  income  from  these 
works  proportionate  to  the  immense  outlay  invested  in  them;  but  the 
direct  and  indirect  advantages  they  confer  on  such  a  port  as  that  of 
Glasgow,  are  of  incomparably  greater  importance. 


Memoir  of  Mr,  Darnel  Moicham,  63 

Mx.  Tod  was  a  man  of  the  clearest  judgment  and  a  first-rate  calculator, 
not^witlistanding  the  alightness  of  his  early  education.  He  was  exceedingly 
liberal  in  his  views  and  conduct,  and  a  man  of  the  strictest  honour  and 
integrity.  During  the  twenty-five  years  that  he  was  in  business  the  firm 
ne^er  had  a  lawsuit,  a  case  of  reference,  nor  a  disputed  account,  and  every 
contract  taken  was  completed  by,  and  in  many  instances  before,  the 
s^pnlated  time. 

Mr.  Tod  was  one  of  the  original  members  of  the  Institution  of  Engineers 
in  Scotland,  but  his  advanced  age,  together  with  the  distance  of  his 
residence  and  his  engrossing  occupations,  have  doubtless  prevented  his 
taking  an  active  part  in  the  proceedings. 

Mr.  Tod  died  at  his  residence  at  Partick  on  the  24th  January,  1859, 
aged  sixty-three  years. 


Memoir  of  Mr.  Dahiel  Mackain. 

Mr.  Dakiel  Mackaik  was  bom  at  Fortrose,  Boss-shire.  He  appears  to 
have  commenced  his  career  as  civil  engineer  in  some  important  situations 
at  Leith.  In  1830  he  was  appointed  engineer  and  manager  of  the 
Cranstonhill  Water  Company  of  Glasgow.  He  exhibited  talents  peculiarly 
suited  for  his  position,  and  he  greatly  benefited  the  company  by  whom  he 
was  employed ;  so  much,  indeed,  was  thought  of  his  abilities,  that  on  the 
amalgamation  of  the  Cranstonhill  Water  Company  with  the  Glasgow 
Water  Company  in  1838,  he  was  appointed  chief  engineer  to  the  com- 
bined concern.  After  that  time  Mr.  Mackain  retained  the  post  of  chief 
engineer  of  the  more  important  portion,  and  latterly  of  the  whole  of  the 
works  for  supplying  Glasgow  with  water*  Mr.'  Mackain*s  ability  showed 
itself  not  merely  in  matters  strictiy  confined  to  the  civil-engineering 
department)  but  also  and  with  equal  success  in  parliamentary  proceedings 
connected  with  the  various  successive  modifications  of  the  arrangements 
for  supplying  water  to  Glasgow,  called  for  by  the  rapidly-increasing  wants  of 
the  city.  Some  sixteen  or  seventeen  years  ago,  Mr.  Mackain  executed 
one  of  the  most  extensive  explorations  ever  made,  to  ascertain  firom  what 
sources  a  sufficient  supply  of  water  might  be  obtained  for  Glasgow.  In 
the  course  of  this  he  gauged  every  loch  and  watercourse,  and  estimated 
every  rain-shed  in  the  West  Highlands,  and  his  observations  resulted  in 
the  Loch  Lubnaig  scheme,  for  which  an  act  of  parliament  was  obtained  in 
1846,  but  which  was  not  carried  out  on  account  of  the  difficulty  of 
raising  capital  for  it.  About  three  years  ago  Mr.  Mackaia  went  to 
Portugal,  to  examine  into  the  means  of  supplying  Oporto  with  water,  and 
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it  is  understood  that  the  plan  recommended  by  him  will  be  carried  into 
effect  vrhen  funds  can  be  obtained. 

Mr.  Mftckain  was  long  a  member  of  the  Institution  of  Civil  Engineers :  he 
was  one  of  the  original  members  of  the  Institution  of  Engineers  in  Scotland, 
and  a  member  of  its  first  counciL  He  also  formed  one  of  the  committee  by 
whom  the  regulations  of  this  Institution  were  drawn  up,  and  many  of  the 
best  features  of  those  regulations  are  due  to  his  excellent  suggestions  and 
advice.  He  read  a  paper  at  the  second  meeting  of  the  first  Session,  being 
a  ^*  Description  of  a  Steam  Pumping-Engine  constructed  for  the  Glasgow 
Water  (Commissioners  at  their  Resenroir  in  Drygate  Street*^  This  engine 
was  constructed  firom  Mr.  Mackain^s  own  designs,  and  showed  him  to  be  as 
good  a  mechanical  as  he  was  a  cltU  and  hydraulic  engineer. 

Mr.  Mackain  died  on  Tuesday  the  8th  February,  1859,  aged  fifty-eight 
years. 


The  following  paper  was  read : — 


*  TfxmBCKticm  qflnttituUon  o/Enffineen  in  Scothnd,  toI.  L,  p,  30. 
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On  Coal'Bfimmg  Locomotive  Engines.     By  Mr.  Patrick  Stirling. 

Ik  bringing  thia  subject  before  the  notice  of  this  Institution,  it  is  not 
the  intention  of  the  writer  to  enumerate  or  describe  the  many  attempts 
that  have  been  made  to  substitute  the  use  of  coal  for  that  of  coke  in  loco- 
jnotiTe  engines,  but  to  give  a  short  account  of  some  of  the  most  successful 
amingements  of  fire-box  and  boiler  that  have  been  made  ibr  this  purpose* 
It  must  be  evident  to  every  one  who  has  paid  any  attention  to  the 
subject,  that  great  economy  in  locomotive  working  must  result  from  the 
use  of  coal  instead  of  coke,  more  particularly  if  it  is  considered  that  about 
one  and  a  half  tons  of  Newcastle  coal  are  required  to  produce  one  ton  of 
coke ;  whilst  it  has  been  ascertained  from  experiments  made  with  great 
accuracy,  that  the  steam^producing  power  of  coke  is  inferior  to  that  of 
the  coal  from  which  it  was  made,  weight  for  weight.    In  some  cases 
known  to  the  writer,  the  cost  of  good  Scotch  splint  coal  is  not  one-third  the 
cost  of  Newcastle  coke,  and  if  pretty  nearly  the  same  duty  can  be  obtained 
from  it  that  can  be  got  from  coke,  there  can  be  no  doubt  of  its  greatly 
superior  economy.     The  importance  of  this  subject  will  be  more  fully 
appreciated,  perhaps,  if  we  consider  that  the  gain  to  some  railway  com- 
panies would  be  equal  to  one-fourth   or   one«half  per  cent,  on  their 
dividends. 

The  great  objection  to  the  use  of  coal  hitherto,  has  been  the  nuisance 
aruung  from  unconsumed  smoke  escaping  from  the  funnels  of  the  engines, 
and  many  have  been  the  attempts  of  engineers  to  devise  means  whereby 
such  smoke  might  be  prevented,  or  burned  and  utilized  before  leaving  the 
boiler.  The  most  successful  plan  that  has  come  under  the  observation  of 
the  writer,  is  that  of  Mr.  Beattie's  patent  coal-burning  engines,  one  of 
which  has  been  in  use  on  the  Glasgow  and  South  Western  railway  for 
nearly  a  year,  and  has  given  the  greatest  satisfaction. 

Mr.  Beattie^s  engine  does  not  differ  in  any  essential  respect  from  engines 
of  the  ordinary  construction,  except  in  the  boiler  and  apparatus  for 
heating  the  feed-water  on  its  passage  from  the  tender  to  the  boiler. 
Fig.  1,  Plate  V.,  represents  the  boiler  in  longitudinal  vertical  section. 
The  fire>box  is  divided  into  two  distinct  furnaces  by  a  slanting  midfeather 
or  water-space,  A,  and  each  of  these  furnaces  is  provided  with  a  fire-door 
of  its  own,  so  that  the  one  can  be  fired  without  interfering  with  the 
other.  From  the  crown  of  the  fire-box  there  is  a  hanging  bridge  or 
deflector — shown  at  b — ^for  the  purpose  of  throwing  the  products  of  the 
outer  fire  down  upon  the  other,  so  that  they  may  either  be  consumed 

I 


66  On  Coal'Bummg  Locomotive  Engines* 

themselves,  or  aid  in  consnmiiig  the  products  of  the  inner  one.  The 
fire-box  is  continued  into  the  boiler  a  distance  of  five  feet,  in  the  fonn  of 
a  flue,  called  a  mixing  chamber,  a  transverse  vertical  section  of  which  is 
given  in  fig.  2.  The  flat  top  of  this  flue  is  supported  by  the  water-spaoe 
o.  The  tube  plate  is  rivetted  into  the  end  of  this  flue,  and  is  pieroed  to 
receive  875  tubes,  five  feet  six  inches  long,  and  of  one  and  one-eight 
inches  outside  diameter. 

In  vrorking  the  fires,  care  is  taken  that  they  |ff<e  supplied  vith  (ad  at 
diffisrent  times,  so  that  there  shall  always  be  one  of  them  burning  dear, 
whilst  the  other  is  throwing  off  the  blackest  of  the  smoke,  and  in  this 
way  there  is  generally  sufficient  heat  communicated  to  the  partially 
unconsumed  gases  to  cause  them  to  ignite,  and  pass  off  in  flame  instead  of 
smoke.  This  method  of  firing  two  fbmaces  alternately  has  long  been 
known  as  fiivourable  to  smoke  burning,  and  has  now  been  suocessfollj 
applied  to  locomotive  engines  by  Mr.  Beattie. 

To  make  the  consumption  of  smoke  still  more  perfect,  however,  and  to 
provide  against  any  sudden  fall  of  temperature  in  the  fire-box  or  boiler, 
there  are  a  considerable  number  of  fire-bricks  of  different  fonns  intro- 
duced. Those  shown  at  d  and  e  are  slabs  three  inches  thick,  set  on  edge, 
with  open  spaces  one  and  a-half  inches  wide  between  them.  At  f  there 
is  a  simple  arch  of  bricks,  chiefly  for  the  purpose  of  carrying  the 
fire-brick  slabs  shown  at  e,  whilst  part  of  the  combustion  chamber  (fig*  2) 
is  filled  with  hollow  tiles,  fifteen  inches  long.  These  tiles  are  so  arranged 
that  ail  the  products  of  the  furnaces  must  pass  through  the  open  spaces, 
and  in  this  position  they  very  soon  become  red-hot,  and  are  able  to  give 
put  sufficient  heat  to  ignite  the  volatile  particles  of  carbon  and  gas,  when 
supplied  with  a  sufficient  quantity  of  air.  The  supply  of  air  is  regulated 
^y  sluices  in  the  fire-doors,  and  by  a  series  of  small  tubes,  shown  at  o. 

The  feed-water  heating  apparatus  is  another  important  source  of  eoo- 
momy,  and  is  shown  in  section  in  fig.  1.  The  principle  of  this  apparatus 
'tconsists  in  condensing  and  abstracting  the  heat  from  a  portion  of  the 
exhaust  steam,  and  thereby  affording  the  great  advantage  of  being  able 
4o  feed  at  aU  times  without  lowering  the  temperature  of  the  boiler  so 
rmuch  as  when  cold  water  is  used.  This  is  particularly  valuable  when 
.ascending  long  gradients,  where  the  resources  of  the  boiler  are  taxed  to 
«the  utmost  to  keep  up  the  pressure  of  the  steam.  The  commimication 
"between  the  exhaust-pipe  and  warming  apparatus  is  made  by  means  of  a 
copper  tube  inside  the  smoke-box,  attached  to  a  brass  knee  outside  the 
smoke-box.  Into  this  knee  is  fixed  the  pipe  which  conducts  the  steam 
along  to  the  condenser,  shown  at  H,  underneath  the  footplate,  where  it 
comes  in  contact  with  the  cold  water  from  the  tender.  The  water  is 
allowed  to  flow  into  a  copper  vessel,  the  flat  bottom  of  which  is  perforated 
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-with  small  holes^  from  'vrbich  it  fiJls  in  a  shower,  vrhilst  the  steam  is  blown 

amongst  it  at  ereiy  exhaust  of  the  cylinders.    The*  steam-condncting  pipe, 

-wliich  is  2i  inches  outside  diameter,  passes  within  a  pipe  4  indiea  in 

difluneter  on  its  waj  to  the  condenser,  and  the  lai^  pipe  is  made  water- 

tiglit  at  each  end  by  means  of  a  stuffing-box,  as  shown  in  the  drawing. 

Xhere  is  in  this  way  a  narrow  waterq>ace  left  betweei^  the  two  pipes 

through  which  all  the  feed-water  passes  on  its  way  to  the  boiler.    The 

quantity  of  water  admitted  to  the  condenser  is  regulated  by  a  float,  i, 

-which  shuts  a  yalve  and  never  allows  the  condenser  to  get  fulL    In  feeding 

the  boiler  the  water  is  drawn  from  the  condenser,  h,  where  it  is  partially 

heated;  and,  being  forced  through  the  passage  between  the  two  pipes 

already  described,  becomes  gradually  hotter  by  abstracting  heat  from  the 

exhaust  steam  rushing  through  the  inner  pipe,  and  it  can  be  fereed  into 

the  boiler  at  a  temperature  of  200^. 

The  following  are  the  general  dimensiona  of  the  engine  under  con- 
sideration : — 

Cylinders,  16  inches  diameter,  22  inches  stroke. 

Four  wheels,  5  feet  diameter,  coupled. 

Heating  surface  of  fire-box,  •        •        .        .     120  sq.  ft. 
"  <<       of  combustion  chamber,  66     ** 

**  "       of  tubes,      .        .        .        .     628     " 

Total  heating  surface,  •    814  sq.  ft. 

The  engine  has  run  25,000  miles  with  trains  ayeraging  from  200  to  259 
tons  gross,  and  has  consumed  on  the  average  87 '5  lbs.  per  train  mile  of 
Ayrshire  splint  coal,  costing  48.  2d.  per  ton,  which  gives  ^/^  of  a  penny 
per  train  mile  as  the  cost  for  fuel.  To  this  must  be  added  the  expense  of 
renewing  bricks,  which  item  increases  the  cost  of  fuel  to  ViAr  of  a  penny 
per  train  mile. 

A  coke-burning  engine  doing  the  work,  and  using  coke  at  17s.  per  ton,, 
costs  3^  pence  per  train  mile,  giving  a  clear  advantage  of  2^  pence 
in  favour  of  Beattie's  engine. 

For  the  purpose  of  testing  what  amount  of  economy  was  due  to  the 
heating  apparatus,  the  quantity  of  water  evaporated  per  lb.  of  coal  was- 
taken  accurately  for  several  days,  and  was  found  to  be  6*5  lbs.  with  the 
apparatus  in  use,  and  when  the  water  was  pumped  direct  from  the  tender 
witiiout  being  heated,  the  quantity  evaporated  was  5*75  lbs.,  showing  a 
gain  of  I  lb.,  or  11  per  cent,  in  &vour  of  heating  the  water.  It  waa 
observed,  when  working  without  heating  the  water,  that  the  quantity  of 
fuel  consumed  was  increased  13  per  cent,  which  may  be  accounted  £>r,  if 
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we  o6niider  that  in  the  one  case  the  whole  of  the  exhaust  steam  was  forbed 
through  the  outlet  orifice  of  the  blast-pipe,  whilst,  on  the  o^er,  a  large  por- 
tion of  the  ateam  found  its  way  back  to  the  condenser,  and  in  this  way  the 
fuel  seems  to  hare  been  burned  faster  to  keep  up  the  pressure  of  the  sfeeuL 

The  writer  regrets  he  has  no  accurate  means  of  ascertaining  what  quantitj 
of  the  exhaust  steam  is  condensed,  but  belieTes  it  will  amount  to  one-fooiih 
of  the  whole ;  and  if  this  be  the  case,  the  quantity  of  water  evaporated 
will  be  8  lbs.  by  1  lb.  of  coal,  as  the  boiler  has  to  convert  all  that  is  con- 
densed into  steam  again  without  getting  credit  for  it  by  measurements 
This  seems  to  be  a  very  &vourable  result  to  be  obtained  from  Ayrshire 
coal,  which  is  estimated  to  contain  not  more  than  70  per  cent  of  carbon, 
and  it  will  be  found  not  inferior  to  the  best  performance  of  many  boileis 
where  coke  is  used. 

The  consumption  of  smoke  in  Mr.  Beattie's  boiler  is  absolutely  perfect, 
and  with  ordinary  attention  the  engine  can  never  emit  smoke  that  oould 
be  considered  a  nuisance. 

In  Plate  V.  are  represented  two  very  simple  and  tolerably  efficioit 
arrangements  for  burning  coal  without  smoke,  and  they  possess  the  great 
advantage  of  being  readily  applied  to  locomotive  boilers  already  constructed, 
at  a  very  trifling  cost.  The  arrangement  shown  in  fig.  8  is  the  inven- 
tion of  Mr.  Lees  of  the  East  Lancashire  Railway.  There  is  a  brick  arch 
thrown  across  the  tube  plate ;  and  the  furnace-door  is  so  constructed,  that 
the  air  admitted  through  it  is  thrown  down  upon  the  burning  fuel,  which 
causes  the  fire  to  bum  clear  above  as  well  as  below.  The  brick  arch 
seems  to  throw  out  a  counter-current  of  hot  air,  and  prevents  any  uncan- 
sumed  smoke  from  getting  away  through  the  tubes  of  the  boiler.  The 
following  experiments  were  tried  upon  a  goods  engine,  and  will  show  the 
amount  of  duty  obtained  from  coal  used  in  both  ways.  Total  heating 
surface  of  the  boiler  1121  square  feet  Fitted  with  Lees^  smoke-bormng 
apparatus  1  lb.  of  coal  evaporated  5*5  lbs.  of  water.  Without  burning  the 
smoke,  1  lb.  of  coal  evaporated  5*88  lbs.  of  water,  the  result  bdng  rather 
against  smoke-burning  by  this  plan*  Fig.  4  illustrates  the  invention  of 
Mr.  Jenkins  of  the  Lancashire  and  Yorkshire  Railway,  and  is  very  similar 
to  the  other  in  prindple.  There  is  a  bafiiing  plate  of  cast-iron  stretched 
across  the  whole  width  of  ihe  fire-box,  and  air  is  admitted  below  it  by 
three  rows  of  hollow  stays.  The  air  is  projected  outwards  in  the  direction 
of  the  fire-door,  and  is  in  this  way  thoroughly  mixed  with  the  gases  as 
they  rise  from  the  coal ;  and  if  the  fire  is  well  worked,  ihe  fire-box  seems 
to  be  constantly  filled  with  dear  burning  fiam&  Neither  of  these  are 
equal  to  Mr.  Beattie's  as  smoke-consumers ;  but  in  carefiil  hands  they  can 
be  used  without  much  nuisance,  and  their  simplicity  is  a  great  recom- 
mendation to  them. 
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In  concluding  this  short  notice  the  writer  would  express  his  hopes  that 
the  importance  of  the  subject  may  recommend  it  to  some  of  the  members 
present,  and  may  elicit  opinions  as  to  improvements  that  maj  be  made 
upon  locomotive  engine  furnaces  and  boilers,  so  that  coal  may  be  as  freely 
used  as  coke. 


The  following  paper  was  then  read : — 
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On  the  CombutUon  of  Coal;  voitk  Deacr^plion  of  an  Improved  JSgfetem  of  eom- 
ducting  such  Condnietion.    By  Mr.  William  Gobxajt. 

Ik  tbe  earlj  part  of  the  year  1854  an  opportunity  occurred  of  trying  an 
improved  mode  of  working  a  steam-boiler  furnace,  by  means  of  a  fan 
blowing  into  a  closed  ashpit  On  each  side  of  the  furnace  door  were 
chambers  communicating  with  the  interior  of  the  furnace  above  the  loel, 
and  with  the  ashpit  or  atmosphere  when  the  ashpit  was  not  dosed.  In 
the  bottom  part  of  the  chambers  opening  to  the  ashpit  were  fitted  vahres 
of  the  nature  of  ventilating  valves,  vibrating  on  knife  edges,  and  made  as 
sensitive  to  variations  of  pressure  as  possible.  On  air  being  blown  into 
the  closed  ashpit  by  the  fan,  the  passage  through  the  grate  bars  being 
obstructed  by  the  fuel  lying  thereon,  it  inclined  to  pass  through  the  valve 
chambers  to  the  interior  of  the  furnace,  the  valves  being  weighted,  so  that 
the  pressure  of  the  air  through  the  fuel,  when  the  gases  were  just  about 
burned  off,  would  only  balance  them.  They  would  thus  close  altogether 
when  the  fuel  burned  thinner,  or  offered  less  obstruction  to  the  air. 
Again,  when  a  fresh  charge  was  put  on,  the  layer  of  coals,  being  tliicker 
and  denser,  would  offer  more  resistance  to  the  air,  which,  acting  on  the 
valves,  would  open  them,  and  admit  air  to  the  gases,  and  of  course  they 
would  shut  again  when  the  gases  were  burned  off  One  valve  in  a  case 
fire-door,  with  suitable  air  passages,  would  have  answered  the  purpose 
quite  as  well;  but  the  fan  and  closed  ashpit  were  adopted,  as  it  was 
intended  to  heat  the  air  for  combustion  by  the  heat  which  usually  pro- 
duces draught  in  the  chimney,  according  to  a  plan  patented  by  the  writer 
in  1852.  The  air  was  admitted  into  the  furnace  through  a  number  of 
three-quarter  inch  holes,  in  order  to  effect  its  proper  mixing  with  the  coal 
gas. 

Had  it  been  possible  to  effect  complete  combustion  by  simply  supply- 
ing air  to  the  gases  over  the  fiiel,  the  above  arrangements  would  have 
answered ;  but  the  coal  used  was  unusually  rich  in  bituminous  or  volatile 
matter,  and  no  amount  of  air  let  in  to  the  gases  seemed  to  have  any  miti- 
gating effect  on  the  dense,  black  volume  of  smoke  produced. 

The  furnace  was  about  12  square  feet  in  area;  the  grate  bars  were 
rather  wide ;  and  the  coals  burned  down,  leaving  very  little  solid  coke. 
The  openings  for  admitting  air  to  the  gases  were  collectively  about  50 
square  inches  in  area. 

From  experiments  with  this  fiimace,  the  writer  was  led  to  the  conclu- 
sions, that  no  amoimt  of  air  admitted  to  the  gases  over  the  fuel  would 
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efiect  their  combnsdon,  unless  air  were  prevented  from  getting  through 
the  fuel ;  and  that  the  practice  of  letting  in  air  over  the  fuel  to  the  gases, 
in  sufficient  quantity  to  prevent  smoke,  was  erroneous,  there  being  no 
connection  between  the  quantity  of  air  necessary  to  bum  the  gas,  and  the 
quantity  necessary  to  prevent  smoke. 

Towards  the  end  of  last  century  it  was  well  known  that  smoke  from 
furnaces  coxild  be  prevented,  by  simply  lifting  the  door  about  an  inch, 
more  or  less,  until  smoke  disappeared ;  and  in  1825  we  had  a  last  century 
man  condemning  the  introduction  of  a  practice  which  had  been  thrown 
aside  as  worse  than  useless  27  years  before ;  and  it  remaiDS  to  be  proved 
that  there  is  a  better,  simpler,  or  more  economical  mode  of  preventing 
smoke,  than  the  plan  referred  to. 

Ordinary  pit  coal,  which  is  in  general  use  for  raising  steam  and  other 

purposes,  may  be  said  to  consist  of  82  per  cent  carbon,  and  5^  per  cent 

hydrogen ;  the  remaining  12}  being  ashes  and  other  unimportant  matter* 

When  coal  is  submitted  to  a  sufficiently  high  temperature,  carburetted 

hydrogen  gas  is  evolved — the  gas  in  ordinary  use  for  illuminating  pur* 

poses — in  a  crude  state.    This  gas  is  composed  of  two  atoms  of  hydrogen, 

and  one  atom  of  carbon,  the  carbon  being  three  times  the  weight  of  the 

hydrogen.    When  the  volatile  gases  are  expelled  firom  coal,  the  residue 

is  coke,  charcoal,  or  solid  carbon.     The  hydrogen  in  lOOlbs.  of  coal 

weighing  5}  lbs.,  the  carbon  contained  in  the  gas  will,  therefore,  weigh 

16}  lbs.,  which,  added  to  5i,  makes  22  lbs.  of  gaseous  combustible  matter, 

and  this  subtracted  from  87}  lbs.,  leaves  65}  lbs.  of  coke  or  solid  carbon ; 

the  gaseous  matter  is,  therefore,  fully  one-third  of  the  weight  of  the  solid 

carbon. 

The  volatile  parts  being  combined  in  a  solid  state  in  coal,  require  to  be 
converted  into  gas,  which  operation  absorbs  and  renders  heat  latent ;  we 
may  assume  10  per  cent  of  the  solid  carbon  as  being  necessary  to  expel 
the  gases  from  the  coal,  the  available  solid  carbon  being  reduced  to  55} 
per  cent  The  value  of  the  volatile  parts  of  coal  is  enhanced  by  the  heat- 
ing power  of  the  hydrogen  gas,  this  power  being  four  times  that  of 
carbon ;  so  that  5}  per  cent  of  hydrogen  is  equal  to  22  per  cent,  of  car- 
bon, which,  added  to  16},  makes  88}  per  cent  heat  due  to  the  volatile 
products  of  coal. 

The  available  heating  power,  therefore,  of  the  volatile  and  fixed  por- 
tions of  coal  stand  in  the  relation  of  55}  for  the  coke,  and  88}  for  the 
gaseous  parts.  The  bicarburetted  hydrogen  gas,  amounting  to  about  10 
per  cent,  the  writer  has  not  allowed  for ;  so  that  these  figures  do  not 
overstate  the  value  of  the  volatile  gases. 

If  these  data  are  correct,  the  solid  coke  or  carbon  being  set  down  at 
100,  the  volatile  or  gaseous  parts  require  to  be  set  down  at  69  34. 
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This  alight  glance  mi  the  oomponeiit  parts  of  coal  shows  sncfa  a  decided 
gain  to  be  reafized  bj  the  proper  combostioii  of  the  gaseous  portioi 
thereof  that  it  is  no  wonder  that  so  many  hundreds  of  schemes  have  been 
from  time  to  time  brought  forward  for  this  purpose;  but^  unfortoBatelj 
for  science  and  sodety,  too  many  of  these  schemes  haTe  turned  on  the 
mere  matter  of  preventing  or  consuming  smoke. 

The  appearance  of  smoke  is  a  standing  evidence  that  combusticin  is  not 
complete ;  but  the  non-appearance  of  smoke  is  no  evidence  of  complete 
or  eoonomical  combustion.  A  for  higher  criterion  is  necesaary  before 
practically  perfect  combustion  can  be  obtained,  than  the  mere  conaiden- 
tion  of  the  appearance  or  non-appearance  of  smoke. 

The  smoke  nuisance  has,  however,  grown  so  formidable  that  society  has 
almost  resolved  to  put  it  down,  whatever  it  may  cost  to  do  so ;  and  it  is 
painful  to  witness  the  expensive  expedients  resorted  to,  in  order  to  meet 
the  requirements  of  law. 

It  would  be  easy  to  fill  a  volume  with  the  ingenious  contrivances  which 
have  been  from  time  to  time  brought  forward  to  bum  or  prevent  smoke. 
"  Many  of  the  plans  are  exceedingly  complicated.  Some  have  sets  of  fire- 
bars made  to  rise  and  foil ;  in  some  the  coked  coals  are  raised  bodily  up, 
and  the  cold  coals  introduced  beneath;  others  are  encumbered  with  a 
complex  system  of  racks  and  pinions,  fons,  hoppers,  revolving  grates,  and 
the  like  contrivances,  requiring  large  outlay  in  the  first  instance,  and 
much  labour  and  constant  attention  aftenrards.*^ 

Plans  for  merely  calcining  or  burning  smoke  are  evidently  proposed 
through  ignorance  of  the  whole  subject  of  combustion,  and  may,  therefore, 
be  passed  over  without  remark. 

The  plans  proposed  by  G.  W.  Williams  and  Mr.  T.  Symes  Prideaux, 
are  worthy  of  attention,  in  so  far  as  they  stand  most  prominently  forward 
in  that  class  of  smoke-preventatives,  which  have  for  their  object  the  com- 
plete combustion  of  the  gaseous  portion  of  coaL 

These  gentlemen  have  also  written  in  the  same  cause,  and,  although 
differing  in  some  conclusions,  yet  they  both  agree  generally  as  to  the 
combining  equivalents  which  result  in  complete  combustion.  Unfortu- 
nately, however,  for  the  cause  in  which  they  are  engaged,  they  have 
given  no  chemical  analysis,  so  far  as  is  known  to  the  writer,  of  the  pro- 
ducts of  combustion  as  found  in  the  flues  or  chimneys  of  furnaces  in 
practical  operation.  Such  analysis  would  at  once  show  whether  the  air 
supplied  to  the  gases  had  been  in  excess  or  otherwise,  and  without  such 
an  analysis  there  is  no  evidence  to  show  in  what  proportion  the  air  is 
supplied  for  the  combustion  of  the  gases. 

It  is  well  known  to  those  who  understand  the  subject,  that  in  usnal 
practice  double  the  quantity  of  air  which  would  supply  oxygen  sufficient 
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foT  the  complete  saturation  of  the  fuel,  passes  through  the  furnace ;  and 
a  greater  quantity  must  pass  "vrhen  air  is  admitted  directly  to  the  gases  for 
their   combustion  without  requiring  to  pass  through  the  fuel     Let  us 
suppose  that  lOOlbs.  of  pit  coal  is  to  undergo  combustion.     It  was  stated 
that  the  coal  selected  for  consideration  was  composed  of  82  per  cent  of 
carbon  and  5^  of  hydrogen ;  that  the  5i  hydrogen,  when  expelled  from 
the  coal,  united  with  three  times  its  weight  of  carbon,  forming  carburetted 
hydrogen  gas  composed  of  5}  hydrogen  and  16^  carbon — ^221bs.,  carbonic 
acid  gas  being  the  product  of  the  combustion  of  carbon,  with  its  equira- 
lent  of  oxygen,  in  the  proportion  of  1  atom  of  carbon  to  2  atoms  of 
oxygen,  or  6  parts  by  weight  of  carbon,  and  16  parfe  by  weight  of  oxy- 
gen.     The  product  of  the  combustion  of  hydrogen,  with  its  equivalent  of 
oxygen,  is  steam,  or  water  vapour,  composed  of  1  atom  of  hydrogen  and 
1  atom  of  oxygen,  or  1  part  by  weight  of  hydrogen,  and  8  by  weight  of 
oxygen. 

The  following  will,  therefore,  be  the  chemical  combinations  when  coals 
are  burned  without  admitting  air  to  bum  the  gases : — 

Carlxni.  Oxygen.  Carbonio  Add. 

65-5  lbs.  unite  with  174*66  lbs.  forming  240*16  lbs. 
leaTing  611*33  lbs.  uncombined  nitrogen,  and  22  lbs.  coal  gas  not  con- 
sumed. 

When  the  coal  gas  is  consumed — 

Carbon.  Oxygen.  Curbonlc  Add. 

16*5  lbs.  unite  with  44  lbs.  forming  60*5  lbs. 

Hydiogea.  Oxygen.  Steam  or  Water. 

5*5  lbs.  unite  with  44  lbs.  forming  49*5  lbs. 

Nitrogen. 

leaving  154  lbs.  nitrogen  in  each  case  =  S06  lbs. 


The  products  of  combustion  are  therefore— 

240*16  lbs.  carbonic  acid. 
611*33    "   nitrogen. 


From 


coke, -< 


851*49  '*  incombustible  gases. 

60*50  ''  carbonic  acid. 

From  coal-gas,-^      49*50  "  steam  or  water. 

308*00  "  nitrogen. 


'{ 


1269*49  lbs.  total  incombustible  gases,  from  the  com- 
bustion of  100  lbs.  of  coal,  deducting  ashes,  &c 

All  the  carbon  being  burned  to  carbonic  acid,  and  all  the  hydrogen  to 
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steam,  the  escaping  products,  which  pass  up  the  chimney,  mnst  be  taken 
at  double  this  quantity,  nearly,  as  the  best  practical  combustion  xeqaires 
twice  the  quantity  of  air  indicated  by  theory,  to  supply  the  equivalent  of 
oxygen ;  in  which  case  the  figures  will  be  2451*48  lbs.,  nearly. 

It  will  be  seen  from  the  foregoing  figures  that  65*5  lbs.  coke,  when 
supplied  with  oxygen,  will  yield  240' 16  lbs.  carbonic  acid,  and  611 '35 
lbs.  nitrogen.  If  we  suppose  that  the  coal  gas  is  expelled  in  the  third  part 
of  the  time  of  a  charge,  there  will  be  80  lbs.  carbonic  acid,  and  20S  lbs. 
nitrogen,  produced  in  the  same  time.  These  incombustible  gases  rising 
and  mingling  with  the  coal  gas  must  render  its  combustion  impossible,  as 
3i  lbs.  carbonic  acid,  mixed  with  22  lbs.  coal  gas,  would  prevent  combus- 
tion ;  whereas,  there  are  283  lbs.  of  gases,  which  are  more  antagonistic 
to  flame  than  water,  to  mix  with  22  lbs.  of  coal  gas  in  the  usual  mode 
of  working  furnaces ;  so  that,  notwithstanding  whatever  changes  it  may 
experience,  the  coal  gas  cannot  be  consumed  when  mixed  with  the  pro- 
ducts of  coke  undergoing  combustion. 

Seeing  that  the  laws  of  chemical  union  declare  the  impossibility  of 
igniting  the  gases  produced  when  fresh  coals  are  supplied  to  a  furnace,  it 
may  be  asked  how  Williams  and  Prideaux,  and  the  last  century  stokers, 
could,  by  admitting  air  to  the  gases,  produce  bright  flame  instead  of  black 
smoke  ?  The  answer  is  simply  this,  that  by  making  a  large  opening  into 
the  furnace,  above  or  beyond  the  fuel,  or  between  the  ^el  and  the  chim- 
ney, the  draught  through  the  grate  bars  is  weakened  so  much  that 
carbonic  acid  is  evolved  in  such  limited  quantity  that  partial  combustion 
of  the  coal  gas  is  permitted. 

The  united  area  of  the  apertures  for  admitting  air  to  gases,  is  set  down 
by  Williams  at  from  4  to  6  square  inches  for  each  foot  of  grate  sxuiace, 
and  this  would  be  on  an  average  for  a  grate  of  18  square  feet,  equal  to 
an  opening  of  9  by  10  inches.  Now,  were  it  not  that  there  is  a  great 
deal  of  heat  got  from  the  partial  combustion  of  the  coal  gas,  it  would  be 
vain  to  attempt  to  raise  steam  under  the  circumstances ;  and  the  fiu^t  that, 
when  properly  managed,  a  gain  rather  than  a  loss  is  sustained,  may  show 
how  much  profit  may  be  expected  when  the  gases  are  properly  consumed 
without  letting  in  a  superfluous  quantity  of  air  for  their  combustion. 

No  doubt  good  results  have  been  obtained  by  many  of  the  plans  pro- 
posed for  consuming  the  gases  of  coal,  but  equally  good  results  have  been 
realized  from  judicious  alterations  of  the  furnace  or  flue  of  a  boiler  which 
had  not  been  properly  built  or  arranged  originally. 

A  saving  of  even  10  per  cent  in  fuel  would  not  be  disregarded  if  it 
could  be  relied  upon ;  but  the  conditions  are  so  fluctuating  on  which  suc- 
cess depends,  that  it  seems  difficidt  by  any  fixed  arrangement  to  obtain 
permanently  good  results. 


On  the  Comhustian  of  Coal.  75 

ETen  Hxe  stoker  woTild  not  object  to  adopt  a  sjstem  whereby  he  cotdd 
manage  his  ftimaoe,  and  procure  steam  more  easily ;  but  no  stoker  would 
ever  think  of  opening  his  fire-door  to  improve  his  steam.  And  yet  the 
proposal  that,  "if  there  be  not  enough  room  in  the  fire-door  to  admit  a 
sufficient  number  of  half-inch  or'  even  three-quarter-inch  holes,  then  a 
perforated  plate  is  to  be  inserted  in  the  bridge"  to  admit  the  requisite 
quantity  of  air,  amounts  to  something  like  opening  the  fire-door ;  and  the 
writer  knows  it  to  be  a  regular  practice  amongst  stokers  to  open  the 
fire-door  a  little  when  the  steam  gets  too  strong,  in  order  to  lower  its 
pressure. 

Mr.  Prideaux  asserts  that  double  the  quantity  of  air  is  necessary  for 
the  furnace  when  a  firesh  charge  is  put  on.  If  so,  a  double  quantity  of 
steam  should  be  produced ;  but  in  practice  the  reverse  occurs.  Unless 
more  steam  or  heat  is  produced  when  more  air  is  admitted  to  a  furnace, 
the  system  is  wrong,  and  the  sooner  it  is  abandoned  the  better. 

The  report  of  the  committee  at  the  late  competition  at  Newcastle-on- 

Tyne,  may  be  taken  as  a  fair  account  of  what  advance  has  taken  place 

in  the  combustion  of  coal,  as  they  give  a  standard  of  the  value  of  lib.  of 

coal,  burned  in  the  usual  smoky  manner ;  from  which  it  appears  that  the 

successful  competitor  had  realized  fully  12  per  cent,  of  saving  in  fuel  with 

no  smoke.     Now,  the  alternate  mode  of  firing  adopted  by  him  is  quite 

sufiicient  to  account  for  a  saving  of  1 2  per  cent.,  without  laying  anything 

to  the  credit  of  combustion  of  the  coal  gas.     An  analysis  of  the  escaping 

products  of  those  experiments  would  show  that  the  coal  gas  was  uncon- 

sumed  ;  at  least,  analyses  can  be  referred  to  from  several  different  boiler 

furnaces,  where  combustion  is  carried  to  a  degree  of  perfection  and 

economy  rarely  attained,  and  where  no  smoke  is  to  be  seen  issuing  from 

the  chimneys,  and  yet  the  coal  gas  found  in  the  flues  and  chimney  is  not 

sensibly  diminished  in  quantity  from  what  is  due  to  the  kind  of  coal 

employed. 

Having  thus  endeavoured  to  show  that  very  little  profit  has  hitherto 
been  derived  from  the  gas  of  coal,  as  compared  with  the  great  per-centage 
of  heating  power  it  has  been  found  to  possess;  the  writer  will  now 
endeavour  to  show  how  coal  gas  may  be  consumed  with  certainty  and 
due  economy. 

It  was  previously  shown  that  when  a  fresh  charge  of  coal  was  laid  on  a 
bed  of  incandescent  coke,  coal  gas  was  evolved,  the  same  as  what  is  used 
for  lighting,  but  in  a  crude  state ;  and  that  when  air  was  permitted  to 
ascend  through  the  grate  bars  and  fuel,  the  coal  gas  was  poisoned  by  the 
carbonic  acid  gas  rising  and  mixing  with  it ;  and  that  no  amount  of  heat 
or  air  would  constmie  such  a  mixture.  Now,  if  air  is  prevented  from 
getting  through  the  grate  bars  the  coke  will  lie  unconaumed,  and  give 
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ont  its  heat  to  cxpd  the  gas  from  a  charge  of  fresh  coal  bad  thereon. 
Air  being  supplied  to  the  gases,  they  wiU  ignite  and  prodace  aTsilableheat 
for  raising  steam  or  for  other  purposes.  When  the  ooal  gas  b  bnmed,  the 
air  supplied  for  its  combustion  may  be  withheld,  and  air  supplied  to  the 
coke  or  solid  part  of  the  coal  imtil  it  is  sufficiently  consumed,  when  a  fresh 
charge  of  coal  may  be  supplied ;  and  so  on  aUematefyj  consuming  the  ^ 
and  coke  at  different  intervale  of  time.  The  amplest  way  of  carrying  oat  this 
system  is  to  have  a  door  in  the  ashpit  to  prevent  air  from  getting  tfarongh 
the  grate  bars  while  the  gases  are  being  consumed.  The  fire-door  is 
provided  with  directing  passages,  suitable  for  distributing  the  air  into  the 
furnace  for  the  combustion  of  the  coal  gas,  and  also  a  valve  to  shut  or 
open,  and  so  permit  or  prevent  the  admission  of  air  above  the  fneL  The 
ashpit  door  may  be  used  as  a  valve,  or  a  valve  may  be  provided  to  supplj 
the  air  as  required,  or  prevent  it  from  passing  through  the  fuel  on  the 
grate  bars.  In  applying  the  new  system  of  combustion  the  usual  fomaoe 
arrangements  are  not  altered,  and  there  is  no  difference  in  the  mode  of 
working  the  furnace ;  the  simplest  and  easiest  mode  of  firing  being  the 
most  suitable  for  obtaining  the  greatest  economy.  The  valves  for 
supplying  the  air  are  connected  so  that  one  movement  adjusts  them  both, 
and  they  require  no  more  attention  on  the  part  of  the  stoker  than  b 
implied  in  a  single  movement  of  a  lever  or  handle,  or  they  may,  in  a 
simple  manner,  be  arranged  to  dispense  with  any  interference  on  the  part 
of  the  stoker. 

Many  furnaces  are  constructed  at  present  with  doors  on  the  ashpit,  and 
even  valves  on  the  door  of  the  ashpit,  and  also  furnaces  are  constructed 
with  valves  in  the  fire-door;  but  the  new  system  of  combustion  consists 
in  supplying  air  to  consume  the  coke  and  the  coed  gas  alternately,  by 
means  of  valves  worked  in  connection  with  each  charge  of  coaL 

It  appears  strange  that  literature,  professing  to  treat  of  the  combustion 
of  coal,  should  not  have  given  a  prominent  place  to  the  well-known  &ct 
— ^that  when  a  furnace  is  in  active  operation  the  principal  product  of  com- 
bustion is  carbonic  add  gas,  and  that  coal  gas,  mixed  with  a  very  small 
part  of  this  gas,  becomes  incombustible. 

Seeing  that  experimenting  on  boiler  furnaces  on  a  large  scale  would 
involve  considerable  time  and  expense,  it  was  deemed  advisable  to  fit  up  a 
small  boiler,  the  fire  grate  of  which  was  about  ISi  X  12  inches.  The 
results  obtained  were  highly  satisfactory — ^indeed  results  as  high  as  3d  per 
cent.,  over  the  usual  method  of  firing,  were  obtained ;  the  coals  being 
carefully  weighed,  and  the  water  evaporated  carefully  measured. 

In  Plate  VI.  fig.  1,  are  shown  the  arrangements  as  used  on  the  occasion 
referred  to.  The  furnace  is  not  altered  in  any  way  fi*om  that  in  common 
use,  and  it  is  worked  in  the  usual  manner ;  and  although  the  apparatus 
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for  regulating  the  supply  of  air  to  the  gas  and  coke  may  appear  a  little 
peculiar^  it  is  not  more  difficult  to  work  than  arrangements  which  are 
already  in  constant  use. 

The  furnace  of  the  boiler  consists  of  a  fire-box,  a,  and  flue,  b  ;  the  fire- 
box Ib  18  inches  from  the  fire-door,  c,  to  the  flue,  and  the  flue  is  2  feet 
8  inches  long,  by  about  5|  inches  internal  diameter ;  the  fire-box  is  15 
inches  ^de,  and  13  inches  from  the  grate  to  the  roof. 

The  arrangement  for  supplying  air  to  the  coke  through  the  ashpit,  d, 
and  to  the  gases  through  the  door  of  the  furnace,  is  shown  in  section,  and 
will  be  easily  understood. 

The  furnace  door  does  not  differ  materially  from  many  that  are  in  use ; 
it  consists  of  the  usual  outside  door,  c,  having  an  inside  plate,  e,  about  2^ 
inches  apart,  forming  a  double  door.  In  the  inside  plate,  e,  are  inclined 
holes  for  directing  jets  of  air  down  upon  the  fire,  and  to  as  many  different 
points  and  as  far  asunder  as  possible. 

The  dead-plate,  f,  is  cast  with  oblong  apertures  like  a  grating,  through 
which  the  air  ascetids  to  the  space  between  the  outer  and  inner  door 
plates,  c,  E,  to  bum  the  gases.  A  yalve,  g,  is  hinged  below  the  dead- 
plate  and  coTers  these  apertures,  as  also  the  passage,  b,  for  admitting  air 
to  the  ashpit;  one  movement  of  the  valve  either  admitting  or  shutting 
off  the  air  to  the  gases  or  coke  as  desired. 

It  may  be  necessary  to  state  again,  that  what  is  here  meant  by  coke  is 
the  part  of  coal  left  on  the  grate  bars  after  the  volatile  part  has  been 
expelled,  the  volatile  part  being  coal  gas.  When  a  fresh  charge  of  coals 
is  put  on  the  fire,  the  under  valve  is  shut  or  nearly  so ;  and  the  same 
movement  opens  the  upper  or  gas  air- valve.  The  gases  of  the  coal  are 
now  being  consumed,  as  seen  in  the  drawing.  When  the  gas  has  been  all 
burned  the  valve  is  reversed,  and  the  air  is  supplied  for  the  combustion  of 
the  coke,  and,  of  course,  shut  off  from  above. 

After  a  few  preliminary  experiments  in  working  the  furnace,  to  ascertain 
the  proper  mode  of  burning  the  gas,  28  pounds  of  slack  were  carefully 
weighed  to  be  used  in  the  ordinary  manner,  and  the  same  quantity  for 
the  new  system;  the  fire  was  burned  off,  after  being  cleaned,  until  about  an 
inch  and  a  half  of  dear  charred  cinders  lay  on  the  grate  bars  in  each  case. 
The  water  was  raised  to  the  boiling  point,  and  kept  at  the  same  height  in 
the  boiler  during  each  experiment ;  the  fire  being  completely  surrounded 
with  water,  and  there  being  no  mass  of  brickwork  to  absorb  heat,  there 
could  be  no  error  on  that  account. 

The  firing  was  as  regular  and  perfect  as  possible,  so  as  to  bring  out  the 
full  duty  firom  the  coal ;  but  the  boiler  being  so  small,  and  the  slack  pur- 
posely taken  out  of  the  middle  of  the  heap,  only  a  comparative  result  was 
expected  from  the  experiment. 
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In  the  first  experiinent,  with  coals  burned  in  the  qsqaI  manner  with 
smoke,  28  pounds  of  slack  were  burned  in  an  hour;  and  evapaaJted  93 
pounds  water  from  about  45** ;  the  water  left  being  at  212^ 

In  a  second  experiment,  in  which  the  gas  was  consumed,  28  pounds 
were  burned  in  an  hour  and  ten  minutes,  evaporating  110  pounds  water; 
the  same  conditions  as  to  water  being  obsenred  in  each  case. 

In  the  last  experiment,  the  united  area  of  the  holes  for  admitting  air  to 
the  gas  was  about  3  inches.  They  were  stopped  up  until  their  area  was 
reduced  to  2  inches,  when  the  above  experiments  were  carefullj  repeated. 

There  was  no  perceptible  difference  in  the  experiment  with  ooaJs 
burned  in  the  usual  way,  proving  the  accuracy  of  the  airangements; 
indeed  the  writer  has  scarcely  ever  seen  experiments  so  satis&ctoiy  on  a 
small  scale. 

The  fourth  experiment  was  with  the  gas  burned.  The  fuel  lasted  83 
minutes  and  evaporated  123  pounds  of  water,  showing  a  duty  of  35 
per  cent,  more  from  28  pounds  slack  than  the  same  quantity  burned 
carefully  in  the  usual  manner.  There  is  a  difference  in  the  time  of  doing 
the  work  of  about  7  per  cent,  but  this  does  not  necessarily  accompany  the 
system,  and  the  above  gain  is  clearly  from  the  superior  mode  of  burning  the 
gas.  The  flue  being  only  2  feet  8  inches  long,  and  only  4  superficial  feet 
in  area,  the  flame  was  projected  with  such  force  from  the  flue  that  it  was 
necessary  to  restrict  the  combustion,  in  order  to  prevent  the  great  con- 
sequent waste  of  heat.  Had  there  been  sufficient  length  of  flue  to  allow 
the  flame  to  expend  itself  therein,  higher  results  than  the  above  would 
have  been  obtained,  and  in  less  time  than  by  the  ordinary  mode  of  firing. 
It  has  been  shovm  that  a  duty  amounting  to  50  per  cent  is  due  to  the  gas 
of  coal ;  and  when  there  is  a  means  of  burning  the  gas  with  a  proper 
quantity  of  air,  the  full  duty  should  be  obtained  from  it  as  well  as  from 
the  coke. 

The  furnace  was  provided  with  sight  holes  at  the  front  and  also  at  the 
end  of  the  flue,  so  that  the  effect  of  opening  or  shutting  the  air  valves 
could  be  seen  at  every  period  of  the  charge. 

The  grate  bars  were  made  thin — about  half  an  inch  thick — ^with  opoi- 
ings  of  about  three-eights  of  an  inch ;  and  the  fire  was  kept  thin,  so  that 
the  combustion  might  be  as  complete  as  possible. 

In  experimenting  with  the  furnace  fire,  after  the  gas  had  been  all 
burned,  the  writer  was  surprised  to  observe  a  copious  production  of  flame 
from  the  glowing  coke,  as  with  so  thin  a  fire  there  was  no  reason  to 
expect  carbonic  oxide  would  be  formed.  This  flame  was  produced  by 
shutting  the  ashpit  door  and  letting  air  in  by  the  door  valve ;  but  when 
the  ashpit  door  was  opened  the  flame  disappeared,  although  the  air  was 
still  let  in  at  the  furnace  door.   From  these  experiments  and  other  observa- 
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tiona,  it  would  appear  that  a  certain  yelodt  j  or  force  of  impact  ia  necessary 
for  producing  carbonic  acid  gas ;  and  that  with  slow  or  restricted  currents 
of  air,  vrben  coke  is  the  combustible,  it  is  onlj  half  burned,  and  forms 
carbonic  oxide.  Until  he  had  made  this  discovery  the  writer  had  little 
hopes  of  being  able  to  apply  his  system  of  combustion  to  the  ordinary 
purposes  of  raising  steam  without  a  forced  blast ;  as  a  fresh  charge  of  coal 
puts  down  the  fire  so  much,  and  thereby  causes  the  gas  to  be  produced  so 
slowly,  that  very  different  arrangements  would  be  required  to  obtain  the 
heat  of  the  gas. 

This  power  of  transferring  the  great  part  of  the  combustion  of  the  coal 
froni  the  grate  to  the  body  of  the  furnace,  together  vrith  complete  com- 
bustion of  the  coal  gas,  promises  to  be  of  great  use  in  the  manufacture 
and  working  of  iron. 

Well-constructed  furnaces  will  always  produce  carbonic  acid  when  the 
fire-door  is  kept  close,  and  air  allowed  free  access  through  the  grate  bars ; 
but  if  a  large  opening  be  made  above  the  fuel  into  the  furnace  or  fines, 
so  as  to  prevent  a  sufficiently  strong  current  of  air  passing  through  the 
grate  bars  to  the  coke,  then  carbonic  oxide  will  be  formed. 

There  exists  no  better  means,  and  perhaps  a  better  means  could  not  be 
devised  for  the  complete  combustion  of  coke,  than  the  usual  grate  bars,  if 
they  and  the  furnace  be  properly  proportioned,  and  perhaps  the  proper 
conditions  are  best  carried  out  in  the  locomotive ;  but  just  in  proportion 
as  a  fdmace  is  perfect  for  the  combustion  of  coke,  is  it  opposed  to  the 
combustion  of  coal  gas.  In  order  that  gas  be  produced  fit  for  combustion 
it  must  be  expelled  from  the  coal  by  heat,  without  the  admixture  of 
incombustible  gases,  but  as  if  it  were  heated  on  a  red-hot  plate  or  in  a 
gas  retort. 

When  a  furnace  is  in  active  operation,  supposing  the  gas  to  be  expelled 
in  the  half  of  the  period,  between  two  charges  every  pound  of  coal  gas 
will  be  mixed  with  5^  pounds  of  carbonic  add  gas,  as  stated  previously. 
This  mixture  is  incombustible,  since  2}  ounces  would  poison  1  pound  of 
coal  gas. 

As  it  is  impossible  to  consume  the  products  of  a  furnace  in  active 
operation,  or  rather  the  coal  gas  mixed  therein,  the  draught  through  the 
grate  bars  must  be  prevented ;  and  whereas  the  usual  means  resorted  to 
for  this  purpose  is  to  admit  an  enormous  volume  of  air  over  the  fuel  into 
the  furnace  or  fines,  robbing  the  furnace  of  heat  in  proportion  as  it  is  in 
excess  of  the  requirements  of  the  gas ;  the  writer  accomplishes  the  same 
object  by  shutting  out  all  air  from  the  furnace,  except  what  is  necessary 
for  expelling  and  consuming  the  coal  gas,  and  thereby  obtains  the  full 
benefit  of  the  heat  due  to  the  gas. 
In  conclusion  the  writer  would  remark — 
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Ist  That  no  amount  of  air  or  Heat  will  consume  the  gas  contained  in 
coal  when  it  is  mixed  with  the  products  of  furnaces  in  active  operation. 

2nd.  That  the  practice  of  letimg  air  into  a  furnace  to  consume  inch 
a  mixture  is  opposed  to  science,  and  fiiilure  is  the  immediate  result 

drd.  That  before  the  gas  can  be  consumed  the  activity  of  the  furnace 
draught,  through  the  grate  bars  or  coke,  must  be  destroyed. 

4th.  That  the  practice  of  letting  in  air  over  the  fuel  for  consuming  the 
gas,  has  the  effect  of  destroying  the  draught  through  the  coke,  and  thus 
permits  the  gas  to  be  burned. 

5th.  That  the  quantity  of  air  required  for  thb  purpose  does  not  depend 
on  the  wants  of  the  gas,  but  on  the  conditions  and  proportions  of  the 
furnace  and  on  the  coals. 

6th.  That  the  quantity  of  air  in  general  required  for  this  puipofie,  to 
prevent  smoke,  is  so  large  as  to  cairy  away  more  heat  from  the  furnace 
than  what  is  due  to  the  gas. 

7th.  That  the  new  process  of  combustion  produces  the  coal  gas  as 
combustible  as  if  it  were  made  in  a  gas  retort,  and  what  will  at  once  dis- 
tinguish the  gas  produced  in  this  furnace  from  that  produced  in  any  other 
furnace,  is,  that  it  may  be  lighted  at  the  top  of  the  chinmeyi  after  haying 
passed  through  the  flues. 


Mr.  D^viD  RowAK,  referring  to  the  last  experiment  mentioned  in  Mr. 
Gorman*s  paper,  asked  if  the  gain  of  33  per  cent  in  economy  was  obtained 
from  the  use  of  the  fan-blast 

Mr.  GoRMAH  said,  in  the  small  experiment  referred  to,  the  ftn-blsst 
was  not  used ;  it  was  a  draught-blast. 


The  following  paper  was  then  read : 
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On  the  CombusUon  qfFueL     Bj  Mr.  J.  G.  Lawbib. 

ImP£Bfbct  oolnbustion  of  fuel  involves  a  loss  of  heat;  and  the  most 
apparent  evidence  of  the  imperfect  combustion  of  coal,  is  the  production 
of  smoke.  To  avoid  a  loss  of  heat,  fix>m  the  source  of  which  smoke  is  a 
witness,  has  long  been  a  pursuit  of  those  interested  in  the  economy  of 
fuel,  and  the  plans  invented  for  that  purpose  have  been  both  ingenious 
and  numerous. 

The  desire  for  sanitary  improvement — a  dominant  feature  of  thu  age^ 
has,  within  a  recent  period,  introduced  a  new  reason  for  the  avoidance  of 
smoke ;  and,  notwithstanding  the  high  importance  of  effecting  the  utmost 
possible  economy  in  the  consumption  of  fuel,  there  are  grounds  to  believe 
that  this  new  incentive  will  produce  more  instant  and  beneficial  residts 
in  abolishing  smoke,  than  would  have  arisen  during  a  long  time  from 
the  labours  of  those  seeking  economy  only. 

In  economizing  fuel,  and  also  in  the  prevention  of  smoke,  excellent 
results  have  been  derived  from  slow  combustion,  as  practised  in  Cornwall. 
Instead  of  the  dense  black  atmosphere  which  usually  clouds  the  chief 
seats  of  our  manufacturies,  it  is  no  uncommon  thing  there  to  witness  a 
duster  of  chimneys,  of  large  dimensions,  with  an  atmosphere  over  them 
as  dear  and  transparent  as  if  the  fires  at  the  bottom  did  not  ezist.  It 
may  be  that  the  coal  used  in  these  instances  is  less  bituminous  than  that 
of  this  neighbourhood;  but  the  satis&ctory  result  obtained  is  undoubtedly, 
in  some  measure,  attributable  to  the  method  of  slow  combustion,  according 
to  which,  the  fires  are  charged  with  fresh  coal  not  of^^ener  than  at  intervals 
of  from  one  to  three  or  four  hours.  To  practise,  however,  this  extremely 
slow  combustion,  it  is  necessary  that  the  boilers  and  fires  should  be  of 
larger  dimensions  than  are  admissible  in  marine  or  locomotive  machinexy, 
or  even  in  a  very  considerable  portion  of  land  engines.  In  these  cases, 
therefore,  other  means  for  obtaining  economy  of  fuel  and  preventinff 
smoke  require  to  be  employed;  and  an  annual  crop  of  about  eighty 
patents  on  this  subject  is  obtained  with  the  intention  of  supplying  them. 

Of  these  numerous  schemes,  the  contrivances  which  are  attended 
with  success  can  be  c&vided  into  two  classes.  In  the  first  class,  of  which 
the  object  is  to  render  smoke  colourless,  or  to  consume  it  afler  it  has  been 
produced,  are  comprised  all  the  schemes,  with  the  exception  of  one ;  and 
in  the  other  class,  of  which  the  object  is  to  bum  the  coal  without  the 
production  of  smoke,  is  comprised  the  remaining  one  only. 
To  render  smoke  colourless  after  it  has  been  produced,  which  b  the 
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object  of  the  first  of  these  classes,  has  been  attempted  and  acoomplished 
in  a  yariety  of  ways ;  bat,  through  every  series  of  intermediate  steps  bj 
which  success  has  been  attained,  all  the  methods  coincide  in  mixing  with 
the  smoke  a  certain  quantity  of  atmospheric  air  before  the  mnoke  is  reduced 
in  temperature  below  a  certain  degree.  The  consumption  of  smoke  in  this 
way  was  successfdlly  accomplished  upwards  of  twenty  years  ago  by  Mr. 
Charles  Wye  Williams,  who,  in  a  treatise  of  connderable  Taime,  entered 
minutely  into  the  subject,  and  explained  in  a  scientific  manner  the  pno- 
ciples  upon  which  the  method  rests. 

Fig.  2,  Plate  YI.,  shows  one  of  the  arrangements  adopted  by  Mr. 
Williams.  At  A  B  is  the  fire-grate;  at  B  c  the  bridge  built  doaUe, 
or  with  two  walls,  E  f,  and  an  intermediate  air  space,  g,  between  thezn. 
At  H,  I,  K,  L,  &c.,  are  a  number  of  apertures  for  the  passage  of  the  smoke 
through  the  bridge.  An  air  passage  connects  the  space^  g,  widi  tb« 
atmosphere,  and  a  regulator,  o,  serves  for  altering  tiie  amount  of  air 
admitted  to  the  space,  g,  and  to  the  smoke  in  the  apertures,  H^  i,  K,  £,  as 
it  passes  through  the  bridge.  When  the  coal  is  newly  placed  on  the  fire, 
and  is  eyolying  smoke,  the  regulator,  o,  is  opened  to  permit  the  pasH^e 
of  air  through  the  narrow  openings,  p,  into  the  smoke ;  and  when  this 
regulator  is  adjusted  to  modify  the  quantity  of  air  admitted  in  propartioD 
to  the  necessity  for  it,  the  smoke  is  efiectually  consumed. 

Since  the  days  when  Mr.  Williams,  who  has  received  a  fkr  less  tbao 
sufficient  acknowledgment  of  his  merit,  first  brought  this  subject  promi- 
nently forward,  a  variety  of  changes  has  been  proposed  in  the  meduukioa] 
arrangements  by  which  he  sought  to  attain  his  object;  but  to  no  one  of 
these  changes  with  which  the  writer  is  acquainted,  belongs  any  merit  of 
original  conception ;  and  it  is  not  by  any  means  clear  that  any  of  them  are 
more  conrenient  when  applied  to  boilers,  for  which  the  plana  of  liSr. 
Williams  have  been  contrived.  Mr.  Williams,  in  his  treatise,  explaiu 
various  forms  of  apparatus  fitted  to  carry  out  his  viewi^  and  the  amngement 
shown  in  fig.  2,  which  is  one  of  them,  is  adapted  for  application  to  tlie 
greater  number  of  both  land  and  marine  boilers,  and  for  these  boilen 
no  better  arrangement  has,  the  writer  thinks,  been  proposed.  The  rega- 
lator,  o,  Mr.  Williams  contemplated,  should  be  adjusted  by  hand;  hot 
instead  of  this,  a  mechanical  regulator,  similar  to  that  of  Prideaux,  could 
be  used,  and  probably  with  advantage.  This  regulator  should  be  coo- 
structed  to  admit  the  greatest  quantity  of  air  when  the  coal  is  newly  placed 
on  the  fire,  and  to  gradually  diminish  the  quantity  as  the  coal  becomes 
incandescent 

Locomotive  boilers  did  not,  however,  receive  much  attention  from  Mr. 
Williams,  and  none  of  the  arrangements  that  he  used  or  explained  can  be 
judiciously  employed  to  carry  out  his  principles  in  them.    To  Mir.  Beattie, 
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the  looomotiye  superintendent  of  the  London  and  South- Western  fiailwaj, 
belongs  the  principal  share  of  the  merit  due  for  carrying  out  the  consump- 
tion of  smoke  produced  from  the  use  of  coal  in  this  class  of  engines.  Mr. 
Heattie  prosecuted  the  subject  for  a  number  of  jears,  and  has  at  length 
effected  most  important  improvement  in  the  cost  of  working  these  engines. 
The  earlier  arrangements  of  his  means  for  this  purpose,"  as  described  in 
several  patents,  were  of  a  somewhat,  or  rather  were  of  an  exceedingly  crude 
description;  but,  with  an  un&ltering  industry  and  by  a  successful 
perseverance  unparalleled  in  the  history  of  locomotive  improvement, 
he  surmounted  the  numerous  obstacles  that  occurred,  and  now  points 
with  satis&ction  to  the  results  he  has  obtained.  In  the  first  six  months 
of  1857,  Mr.  Beattie  found  the  total  cost  of  the  whole  fuel,  including 
coal  and  coke,  was  2*9  pence  per  train  mile,  being  a  decrease  of  nearly 
one-fourth  of  a  penny,  or  fully  nine  per  cent,  as  compared  with  the  cor- 
responding period  of  1856 ;  and  again,  in  the  six  months  ending  with  the 
31st  December  last,  the  cost  per  train  mile  was  2*43  pence,  while,  for  the 
same  six  months  of  the  previous  year,  it  was  2*68  pence,  showing  another 
decrease  of  one-fourth  of  a  penny,  or  nearly  ten  per  cent.  Mr.  Beattie 
has  now  so  far  extended  the  use  of  coal,  that  he  bums  three  tons  of  coal 
to  one  of  coke. 

To  Mr.  Beattie  belongs  the  signal  merit  of  leading  the  way  in  this 
improvement  in  locomotives;  but  the  object  is  so  important,  and  his  pro- 
gress has  been  so  marked,  that  he  no  longer  occupies  the  path  alone.  He 
is  followed  by  several  engineers,  by  whom  a  variety  of  plans  have  been 
suggested  for  the  same  purpose,  and  of  these,  one  made  by  Mr.  Neilson,  a 
vice-president  of  this  Institution,  appears  to  me  to  possess,  in  a  remarkable 
degree,  simplicity  and  effectiveness. 

Figs.  3  and  4,  Plate  VI.,  show  this  arrangement,  in  which  a  water 
space.  A,  is  formed  across  the  fire-box — a  number  of  bricks  or  tiles,  b, 
being  placed  in  parallel  positions.  At  c  there  is  a  row  of  small  air  tubes, 
of  which  one  opens  into  each  space  between  the  tiles,  b,  and  one  into  the 
air  passage  shown  in  dotted  lines  in  the  body  of  each  of  the  tiles.  The 
other  parts  are  a  man-hole  door,  d,  a  funnel-shaped  mouthpiece,  e,  con- 
nected with,  and  for  the  supply  of  the  air  tubes,  c ;  a  hinged  valve,  f,  or 
adjustable  mouthpiece,  or  other  contrivance  for  regulating  the  amount  of 
air  admitted  through  the  air  tubes ;  a  reciprocating  hopper,  g,  actuated 
l)y  an  eccentric  on  the  trailing-wheel  shafl,  for  the  purpose  of  maintaining 
the  fire  with  a  uniform  addition  of  fresh  coal,  and  a  common  fire-box 
door,  H.  In  this  arrangement,  the  manhole  door,  d,  affords  sufficient  and 
easy  access  to  the  ends  of  the  tubes  for  the  purpose  of  repairing  or 
replacing  them ;  and  the  air  channels,  c,  very  effectively  and  evenly  mix 
together  the  atmospheric  air  and  the  smoke  before  they  are  exposed  to 
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the  high  temperature  of  the  tiles.  Ereiy  part  of  this  arrangement  aeems 
to  be  perfectly  accessible  for  every  necessary  purpose,  and  the  tiles,  which 
are  the  only  damageable  part,  are  not  only  conveniently  out  of  the  reach 
of  injury,  but  can  be  replaced  with  the  utmost  facility,  as  it  involves  Uttle 
more  labour  to  remove  and  replace  the  whole  of  them,  than  to  draw 
the  fire,  and  replace  the  fire-bars. 

So  &r  as  consuming  the  smoke  is  concerned,  the  contrivances  shown  in 
figs.  2,  3,  and  4  appear  to  be  judiciously  adapted  for  the  descriptions  of 
boilers  to  which  they  are  applicable.  These  plans  not  only  provide  for 
the  admixtiu*e  of  the  necessary  quantity  of  air  to  consume  the  smoke,  but 
they  also  provide  for  its  intimate  mixture  with  the  smoke,  and  Mr.  C.  W. 
Williams  admirably  explains,  in  his  treatise  on  combustion,  that  to  succeed 
in  consuming  smoke,  the  mixture  must  be  thorough,  and  ought  to  be 
atomic. 

For  the  purposes  of  sanitary  improvement,  all  the  plans  which  provide 
reasonably  for  an  admixture  of  atmospheric  air  with  the  smoke,  and  for 
the  mixture  being  subjected  to  the  necessary  temperature,  are  practicaDy 
vuccessiul  to  the  extent  required  by  the  acts  of  parliament,  which  do  not 
necessitate  a  total  consumption  of  smoke.  So  established  is  this  now 
considered,  that  in  London,  where  the  prosecutions  are  conducted  at  the 
expense  of  the  Crown,  and  where,  therefore,  no  undue  lenity  is  practised ; 
in  those  instances  where  smoke  is  produced,  and  where  means  are  pro- 
vided for  the  admixture  of  air,  and  for  the  necessary  temperature,  the 
proprietors  of  the  establishment  are  held  free  of  responsibility,  and  the 
attendant  on  the  machinery  is  fined  or  imprisoned. 

To  effect,  however,  an  economy  in  the  coal  consumed,  more  is  necessary 
than  the  consumption  of  smoke.  It  is  necessary  that  the  quantity  of  air 
admitted  should  not  be  much,  or  rather  not  at  all  in  excess,  of  the  quantity 
required  to  complete  the  combustion  of  the  smoke;  and  all  the  plans  which 
the  writer  has  explained  or  referred  to,  and  which  are  comprised  in  the 
first  of  the  two  classes,  fail  in  the  important  particular  of  furnishing  means 
by  which  the  quantity  of  air  required  can  be  known,  or  can,  with  any 
accuracy,  be  measured  into  the  furnace.  There  is  not  only,  with  these 
arrangements,  the  practical  impossibility  of  effecting  the  thorough  and 
atomic  mixture  of  the  air  and  smoke  which  the  chemistry  of  the  subject 
requires,  and  consequently,  when  the  smoke  is  consumed,  an  excess  of  air 
has  been  admitted ;  but  there  is  besides  the  impossibility  of  limiting  the 
admixture  of  air  to  the  quantity  sufficient  to  effect  such  a  mixture  as  the 
means  of  subdivision  provides  for.  On  account  of  the  practical  impossi- 
bility— ^by  any  of  the  means  already  used  or  proposed — of  so  admitting 
the  air  as  to  meet  with  accuracy  the  demands  of  the  smoke,  no  economy 
has,  in  the  writer's  opinion,  yet  been  effected  by  consuming  smoke,  or 
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which  Is  attributable  to  that  cause  only.  Commonly  enough  great  economy 
is  stated  to  have  been  derived  irom  this  soiirce ;  but  in  those  instances  the 
comparison  has,  the  writer  believes,  been  made,  not  with  the  result  obtained 
from  a  carefully  attended  common  fire,  but  with  the  results  of  one  carelessly 
attended ;  and,  inasmuch  as  the  admission  of  air  through  another  channel 
than  through  the  fire  bars,  introduces  an  unknown  and  unmeasured 
element  of  loss,  the  writer  is  convinced  thaf;  with  the  ordinary  attention 
which  furnaces  have  hitherto  received  from  firemen,  and  when  the  careful 
watching  and  occasional  cooking  practised  in  experiments  have  been  dis- 
continued,  a  loss  of  effect  has,  in  every  instance,  been  occasioned  by  the 
use  of  smoke  consumption.  In  locomotives,  where  undoubtedly  great 
advantage  has  been  derived  from  the  use  of  coal,  the  economy  has  arisen, 
not  directly  from  the  consumption,  of  smoke,  but  from  the  use  of  coal, 
which  is  cheaper  than  coke,  and  which  is  admissible  in  these  engines  only 
when  the  smoke  is  abolished. 

The  single  plan,  comprised  in  the  second  class  to  which  the  writer  has 
already  referred,  and  of  which  the  object  is  to  bum  the  coal  without  the 
production  of  smoke,  is  the  contrivance  of  Dr.  March,  a  surgeon,  now  or 
lately  practising  in  Barnstaple.     Fig.  5,  Plate  YI.,  shows  this  arrange- 
ment, comprising  a  box.  A,  containing  coal ;  a  series  of  tubes,  b,  through 
which  air  is  blown  down  upon  the  coal ;  and  a  movable  table,  c,  to  be 
raised  as  the  coal  is  consumed.   This  simple  contrivance  effects  an  absolutely 
perfect  combustion  of  the  iuel.     There  is  not  in  the  fire  itself^  nor  in  any 
part  of  the  fines,  nor  at  the  top -of  the  chimney,  the  slightest  indication 
of  smoke.     Our  President  in  his  opening  address  this  Session  referred  to 
a  ftunace  he  had  seen,  of  which  his  description  agreed  in  some  respects 
with  this  one,  and  the  writer  has  no  doubt,  if  it  was  this  furnace  which  he 
saw,  that  he  considers  its  operation  one  of  the  most  beautiful  facts  in 
chemistry.     In  this  furnace  there  is  no  unknown  or  unmeasured  element 
of  loss  introduced.     All  the  air  is  brought  into  atomic  contact  with 
incandescent  fuel,  and  therefore  consumed ;  yet  in  a  series  of  experiments 
which  the  writer  conducted  with  it  twelve  years  ago,  the  economy  obtained 
was  only  about  II  to  12  per  cent,  beyond  the  result  obtained  with  a 
carefully  attended  common  fire.     Being  aware  that  with  this  furnace,  in 
which  perfect  combustion  is  effected  in  a  manner  entirely  beyond  the 
control  of  the  Attendant,  so  small  an  economy  was  attained,  the  writer  is 
confirmed  in  the  belief  that  the  large  economy  so  ofVen  reported  as  arising 
from  the  consumption  of  smoke  in  cases  where  perfect  combustion  is  not 
effected,  is  entirely  fabulous,  and  has  been  supposed  to  exist  from  the  fact 
that  the  smoke-consuming  furnace,  which,  during  the  reported  experi- 
ments, was  carefully  nursed,  had  been  compared  with  other  furnaces  of 
the  ordinary  construction,  which  received  no  such  attention. 
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If  it  be  the  fiicfc|  as  the  writer  believes,  that  no  conaderable  eoonomy  of 
fuel  or  of  heat  is  to  be  deriTed,  either  from  the  oossumption  of  smoke  or 
from  the  combustion  of  coal  without  the  production  of  smoke,  as  hiUierto 
conducted,  whence  is  further  economy  to  be  obtained  ?  Mr.  J.  P.  Joule 
informs  us  that  with  the  best-constructed  engines  in  the  country,  and  with 
ordinary  furnaces  of  the  best  construction,  the  amount  of  effect  obtained  in 
power  is  not  greater  than  ^(Stjtit  the  very  utmost,  ^  of  that  due  to  the  heat 
of  perfect  combustion  of  the  coaL  A  considerable  part  of  this  deficiency 
of  iftr  is  caused,  no  doubt,  as  Mr.  Joule  and  Dr.  Bankine  point  out,  by 
using  saturated  steam  in  steam-engines  instead  of  superheated  steam,  with 
which  a  much  better  efiect  is  obtained;  but,  although  the  subject  is  not 
entirely  within  reach  of  analysis,  there  are  some  reasons  to  believe  tiiat 
not  less  than  ^  of  the  defidency,  or  ^  part  of  the  entire  heat  due  to 
perfect  combustion  of  the  coal,  or  about  double  the  quanti^  of  heat  which 
is  utilized,  is  lost  from  the  careless  manner  in  which  this  combustion  is 
effected,  and  is,  in  part  at  all  events,  recoverable  by  various  means.  Con- 
siderable efforts  have  been  made  to  improve  the  steam-engine  and  to  nurse 
the  steam,  but  comparatively  nothing  has  been  done  to  improve  the  method 
of  treating  the  fuel.  Goal  is  the^  raw  material  with  whidi  heat  is  manu- 
factured, and  is  the  original  source  of  the  power;  yet  there  is  no  other 
instance,  in  the  whole  breadth  of  manu&ctures,  in  which  raw  material  is 
treated  with  similar  inattention.  There  is  no  other  instance  with  which 
the  writer  is  acquainted,  in  which  the  raw  material  of  any  manufiicture 
furnishes  so  small  an  amount  of  the  manu^Mstured  produce  as  -^  ci  that 
due  to  a  perfect  treatment  of  that  raw  material. 

But  if,  in  the  combustion  of  coal  for  the  manufacture  of  power  by  means 
of  the  steam-engine,  the  result  obtained  is  an  inadequate  one,  much  more 
is  the  result  deficient  in  the  use  of  coal  made  in  oUier  manufactures.  In 
smelting  furnaces,  and  especially  in  furnaces  such  as  are  used  in  large 
forges,  it  would  appear  that  a  lavish  waste  was  rather  a  virtue  than  a  loss. 
In  the  combustion  of  fuel  connected  witii  smelting  Aimaces  important 
improvements  have  been  made;  the  introduction  of  the  hot  blast  pro- 
duced a  revolution  in  the  quantity  of  the  coal  used  in  smelting;  but  rever- 
beratory  furnaces,  such  as  are  used  at  forges,  have,  notwithstanding  some 
feeble  efforts  at  improvement,  remained  practically  unchanged  for  upwards 
of  half  a  century.  The  great  cost  and  risk  of  experiments  in  these  larger 
manufacturing  operations  are  sufficient  to  render  improvement  exceedingly 
slow;  but  whilst  vast  strides  have  been  made  in  improvement  of  the 
machinery  for  which  these  furnaces  are  required,  it  is  remarkable  that 
they  alone  would  appear  to  be  incapable  of  beneficial  change. 

For  some  years  attention  has  been  diverted  from  the  improvement  in 
the  combustion  of  coal  for  the  production  of  power,  by  an  anticipation 
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that  the  combustion  of  zinc  in  a  galvanic  battery  for  the  same  purpose 
was  about  to  supersede  the  steam-engine.  The  discoveries  of  Mr.  Joule, 
however,  as  explained  by  the  President  at  last  meeting,  when  proposing 
Mr.  Joule's  admission  as  an  honorary  member  of  this  Institution,  not  only 
furnish  the  means  of  comparing  the  amount  of  power  which  can  be 
obtained  from  different  descriptions  of  coal,  but  they  also  afford  the 
grounds  of  a  comparison  between  an  electro-magnetic  engine  and  a 
steam-*engine.  Mr.  Joule  fuids,  that  the  power  derived  &om  the  use  of  one 
pound  of  coal  in  a  furnace,  is  equal  in  effect  to  the  consumption  of  nine 
pounds  of  zinc  in  a  galvanic  battery,  and  therefore  until  zinc  costs  only 
one-ninth  part  of  the  price  of  coal,  or  until  some  new  method  of  producing 
galvanic  action  at  a  cheaper  cost  is  discovered,  it  is  utterly  impossible  that 
an  electro^magnetic  engine  can  supersede  one  actuated  by  steam. 

Beaded  electricity  no  other  agent  at  present  known  promises  to  com- 
pete with  steam,  and  it  will,  there&re,  be  well  to  direct  attention  to  the 
improveioent  of  the  combustion  of  coal.  With  a  loss  of  heat  amounting, 
in  the  manufacture  of  power,  to  double  the  quantity  utilized,  and  with  an 
aggregate  quantity  of  coal  consumed,  in  this  country  alone,  exceeding 
65,000,000  of  tons,  of  the  value  of  £40,000,000  sterling,  the  scope  would 
appear  to  be  sufficiently  extensive  to  enlist  the  best  efforts  of  those  moat 
competent  to  deal  with  such  a  subject. 

The  problem  of  smoke  consumption  is  substantially  solved,  but  no 
solid  advance  has  been  made  in  improving  or  economizing  the  combustion 
of  coal  for  the  production  of  power,  or  for  other  large  manufacturing 
operations. 


Mr.  Waltek  Neelsok,  vice-president,  having  taken  the  chair,  the  fol- 
lowing statement  was  made  :-*-^ 
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On  the  working  of  certain  Ikimaeee  at  Messrs.  Charles  Tennant  4r  Co't 
Chemical  Works,  St  BoUox.   By  W.  J.  Macquobn  Rankike,  C.K,  LL.D. 

Pbofessob  Rakkike  said  he  had  wished  that  a  paper  on  this  sabject  dionld 
be  prepared;  but  owing  to  want  of  leisure  on  the  part  of  Messrs.  Tennant 
&  Company,  that  was  .found  to  be  impossible;  and  besides,  the  most 
numerous  class  of  the  furnaces  had  been  described  in  Knapp's  treatise  Or 
Chemistry  cgoplied  to  the  Arts,  These  furnaces  prevented  the  production  of 
smoke,  with  an  appreciable,  though  not  a  great  saving  of  fueL  The  state- 
ment which  he  had  to  make  was  merely  from  notes  of  the  information 
furnished  to  him  by  Messrs.  Tennant  &  Company,  and  especially  by  their 
manager,  Mr.  John  Tennent.  The  first  class  of  furnaces  to  which  he 
would  refer,  was  one  that  was  applied  to  a  great  many  steam  boileis, 
which  were  placed  in  almost  every  situation.  Fig.  1,  Plate  VLL,  was  a 
transverse  vertical  section  of  one  of  these  boilers  and  its  flues,  inteansl 
and  external ;  ^g.  2  was  a  transverse  vertical  section,  and  fig.  S  a 
horizontal  section,  of  the  furnace,  which  was  outside  of  the  boiler.  The 
furnace  had  two  entrances,  A,  A,  and  two  sets  of  grate  bars,  b,  b;  but  within 
the  entrance  the  central  division,  o,  did  not  rise  above  the  grate  bars. 
The  two  sides  of  the  furnace  were  fired  alternately,  and  their  gaseons  pro- 
ducts mingled.  The  walls  and  arched  roof  of  the  fiimace  were  formed  with 
air  spaces,  d,  to  reduce  the  loss  of  heat  through  them.  At  the  back  of  the 
grate  bars  the  furnace  was  tapered  gradually  to  the  size  of  the  internal 
flue,  E,  of  the  boiler,  fig.  1.  At  the  back  end  of  the  boiler  this  central 
flue,  E,  communicated  with  two  lateral  external  return  flues,  f,  f,  and 
these  last  communicated  at  their  forward  ends  with  a  single  flue,  g,  run- 
ning back  beneath  the  boiler  to  the  chimney.  These  furnaces  were 
introduced  by  Mr.  John  Tennent,  and  were  improved  by  the  late  Mr. 
Charles  Tennant  Dunlop.  Most  of  the  furnaces  had  a  cast-iron  mouth- 
piece, with  an  arched  top  perforated  with  half-inch  holes.  The  mouth- 
piece, which  was  represented  in  front  elevation  in  fig.  4,  and  in  longi- 
tudinal vertical  section  in  fig.  5,  was  12  inches  high  at  the  outer  end,  and 
tapered  down  at  the  inner  end  to  9  inches.  Some  of  these  mouth -pieces  had 
doors;  in  others  the  place  of  a  door  was  supplied  by  a  heap  of  dross  on  the 
dead  plate.  When  the  doors  were  shut  the  air  entered  the  furnace  by  the 
ashpit,  and  through  the  holes  in  the  arched  top  of  the  mouth-piece.  Some 
furnaces  had  brick  ovens  without  mouth-pieces,  and  some  mouth-pieces 
without  ovens.  The  eflect  of  the  brick  ovens  was  to  produce  a  very  high 
temperature,  which  caused  a  complete  combustion  of  the  products  of  the 
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fbely  and  thereby  prevented  smoke.    The  actual  evaporation  was  5*97Ib8. 
of  water  per  lb.  of  Scotch  dross  in  furnaces  with  mouth-pieces  and  no 
oven ;  and  with  ovens  and  no  mouth-piece,  6'ldlbs.  to  a  lb.  of  Scotch 
dross.     From  this  it  appeared  that  a  slight  saving  was  obtained  by  the 
use  of  the  oven.    The  President  then  referred  to  the  reverberatory 
iumaces  used  at  the  St.  £olloz  works.     Every  one  knew  that  in  rever- 
beratory furnaces  there  was  a  horizontal  hearth  of  brick  on  which  the 
substances  to  be  heated  were  placed,  and  this  was  roofed  over  by  an  arch 
against  which  the  flame  was  driven,  befi)re  it  could  get  round  into  the 
chimney.     This  description  of  furnace,  as  formerly  constructed,  produced 
a  great  deal  of  smoke.    A  system  was  adopted  of  blowing  them  with  fims ; 
and  it  was  due  to  Mr.  Prideauz  to  say,  that  he  was  one  of  the  first  who 
reoonunended  that  system.     Each  of  these  furnaces  was  blown  througl^ 
two  rows  of  holes — one  above,  and  one  below  the  grate  bars.    The  air 
for  burning  the  coke  entered  below  the  grate  bars ;  the  air  for  burning 
the  coal-gas,  wholly  or  chiefly  above  them.    The  regulation  of  the  blast 
was  leh  to  the  discretion  of  the  workmen  in  charge  of  the  furnaces ;  and 
they  had  learned  by  experience  to  admit  the  blast,  during  the  ordinary 
working  of  the  furnaces,  alternately  above  and  below  the  grate — above, 
after  throwing  on  fresh  coal,  so  as  to  consume  the  gas;  and  below,  afler 
the  expulsion  of  the  gas,  so  as  to  consume  the  coke.    If  the  blast  was 
cut  off  above,  when  fresh  coal  was  on  the  grate,  a  great  deal  of  thick 
black  smoke  was  produced;  but  the  instant  the  blast  above  the  fuel 
was   admitted,  the  smoke   disappeared,  and  was  succeeded  by  bright 
flame.     There  were  six  of  these  furnaces,  and  they  were  blown  by  a 
high-pressure  engine  of  about  6  or  7  horse  power,  which  drove  a  fan 
of  42  inches  diameter  by  12  inches  breadth,  which  he  had  described 
at  the  first  meeting  of  the  Institution.*    There  was  a  saving  in  these 
reverberatory  furnaces  of  17  per  cent,  of  the  coal  formerly  used ;  but  the 
coal  so  saved  was  at  present  all  expended  to  drive  the  high-pressure 
engine.     The  engine,  however,  was  capable  of  blowing  six  other  furnaces, 
and  in  that  case  there  would  be  a  saving  of  fuel  on  the  whole ;  and  a  still 
greater  saving  coidd  be  effected  if,  instead  of  driving  the  &n  by  a  separate 
engine,  a  portion  of  the  power  of  a  larger  condensing  engine  were  applied 
to  drive  it.    The  President  concluded  by  expressing  his  sense  of  the  kind- 
ness of  Messrs.  Tennant  &  Co.,  and  Mr.  John  Tennent,  in  furnishing  him 
with  the  data  from  which  he  made  the  above  statement,  and  drew  the 
sketches. 

Mr.  GoBMAN  asked  if  the  smoke  was  prevented  when  the  air  was  let  in 
both  above  and  below  the  fuel  in  the  furnaces.  It  was  his  opinion  that 
if  the  air  was  so  admitted,  the  smoke  would  not  be  sensibly  abated. 

*  TVantacUant  qffnsHiuUtm  o/Engmecn  m  ScoUcmd^  vol.  i,  p,  26. 
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The  PlDGSiDBNT  odd,  the  ordiziary  praodoe  of  ihe  workmen  st  St.  BoDox 
was  to  shut,  off  the  mir  below  when  they  let  it  in  abore. 

Mr.  Fattum  remarked  that  on  startmg  the  fomaeefl  on  Monday  men- 
ing8|  ihej  had  to  admit  ihe  air  both  abore  and  below  at  the  same  time. 

Mr.  Waltbb  NuLsoir,  before  leaving  the  ehair,  said,  the  infozmatkia 
which  Dr.  Bankine  had  giren  the  Institution  was  retj  important,  espedall j 
as  it  referred  to  experiments  made  at  the  St  R(^x  Ghenucal  Wotka, 
where  experiments  were  always  made  with  the  greatest  care  and  in  tiie 
most  libend  manner.  He  hoped  Dr.  Hankine  wonld  famish  the  Seereiaiy 
wiih  the  measurements,  so  that  ihe  phms  of  the  fnmaoes  mi^t  be  dzswo 
to  a  scale  for  the  benefit  of  the  Institiitio& 

Hie  PaxaiDBiiT,  having  resimied  the  chair,  said  that,  in  eonaeqfoeBee  sf 
the  lateness  of  the  hoar,  the  discussion  of  the  papers  whidi  had  been 
read  would  be  adjourned  to  a  Spedal  Meeting  fixed  for  Wednesday, 
2nd  March. 
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Thb  Sixth  MBvnao  of  the  Seadon  was  held  in  the  FhiloaophioBi 
Society's  Hall,  on  Wednesday,  2d  Mareh,  185d— the  Pbbsidsiit  in  the 
chair.  ^__^_^ 

The  Freaidenti  in  the  name  of  the  oonndl,  proposed  the  following 
gentlemen  for  eleotion  as  honorary  members  :•— 

ROBXBT  SiEFHEMSONi  Esq.,  M.P. 
Professor  E.  Clausius  of  Zurich. 


The  meeting  nnammonsly  elected  as  honorary  members  the  two  gentle- 
men proposed  at  the  last  meeting. 


The  following  donations  of  books  were  laid  on  the  table  :-^ 

Nawd  Semoes  m  ChiUf  Pertk,  and  BragUy  from  the  anthor»  the  Earl  of 
Dundonald. 

Esqferimenii  en  MiatureB  of  Casi-tron  and  Nichelj  from  the  author, 
William  Fairbaim,  Esq. 

A  Tote  of  thanks  was  passed  for  these  donations. 


The  meeting  proceeded  to  discuss  the  subject  of 

The  Cmbusiion  ofCoalj 

in  connection  with  the  papers  read  at  the  preceding  meeting— a  few  notes, 
supplementary  to  Mr.  Gorman's  paper,  and  incoxporated  in  the  paper  as 
already  given,  having  been  first  read-— 

Mr.  D.  K.  Clabk  described  a  plan  applied  for  the  prevention  of  smoke 
in  locomotives.  It  was  based  on  the  principle  that  there  must  be  plenty 
of  air  to  bum  the  gases,  which  was  to  be  introduced  above  the  fiiel  and 
thoroughly  intermis^  with  the  gases.  Such  intermixture  was  of  the 
greatest  importance,  and  formed  the  essence  of  all  successful  plans 
for  burning  smoke.  His  arrangement  consisted  in  the  use  of  openings 
along  the  two  sides  of  the  fnmaoe,  as  dose  as  possible  to  the  level  of  the 
fuel,  by  which  openings  the  air  entered  in  horizontal  lines  at  right  angles  to 
the  ascending  gases,  with  which  it  was  forcibly  mixed  by  means  of  jets 
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of  steam  of  one-sixteenth  of  an  inch  in  diameter.  The  jets  of  steam  were 
used  principally  when  the  engine  was  standing,  with  the  aid  of  a  moderate 
draft  from  a  ring  jet  in  the  chimney  to  carry  off  the  products  of  oombus- 
tion«  They  coidd  be  shut  off  when  not  required.  He  recommended  that 
the  grate-bars  should  be  placed  dose  together,  widi  narrow  air-spaces,  and 
that  the  ash-pan  and  damper  should  be  tightly  fitted ;  whilst  the  level  of  the 
fuel  should,  at  all  times,  be  below  the  air-tubes.  Fig.  6,  Plate  YIL,  was 
a  horizontal  section  through  a  locomotiye  fire-box,  taken  at  the  lerel  of 
the  air-tubes.  Fig.  7  was  an  enlarged  section  showing  the  constracdon  of 
one  of  the  air-tubes  and  its  steam  jet  This  plan  was  successfully  adopted 
on  the  South-Eastem  and  Eastern  Counties  Railways,  and  tlie  result 
obtained  was,  a  consumption  of  only  27  lb.  of  coke  to  the  mile,  and  29}  lb. 
of  coal.  The  water  eraporated  by  a  pound  of  coal  was  7i  lbs.,  and  7| 
lbs.  to  a  pound  of  coke ;  but  he  ascribed  the  lowness  of  these  figures  to 
the  circumstance  that  the  fire-box  to  which  the  plan  had  been  applied 
was  too  large. 

Mr.  Walter  Neilson  said  he  had  to  submit  some  very  good  results 
obtained  by  Mr.  Yarrow  of  Arbroath.  £Qs  arrangements  were  shown  in  figs. 
1  and  2,  Plate  VIII.,  which  were  respectively  a  longitudinal  and  a  trsns- 
verse  vertical  section  of  a  locomotive  fire-box.  The  fire-box  was  crossed  by 
a  brickwork  arch  or  mid  feather,  a,  which  was  made  perfectly  tight,  and 
which  rose  in  an  inclined  direction  from  beneath  the  tubes  at  the  front  of 
the  fire-box,  towards  the  fiimace  door,  b.  Eight  studs  were  screwed  into 
each  side  of  the  fire-box  to  act  as  abutments  to  the  arch.  Air  was 
admitted  through  a  number  of  bars,  c,  arranged  with  a  slight  inclination 
at  the  front  lower  part  of  the  fire-box,  and  resting  on  a  cross-plate 
riretted  to  the  fire-bar  frame  bearer.  The  air  entered  to  the  bars,  c,  by 
an  opening,  D,  which  might  have  a  valve  adapted  to  it  With  these 
arrangements,  the  fire  gases  were  retained  in  the  furnace  a  much  longer 
time  than  in  ordinary  furnaces,  because  the  fuel  as  it  was  put  in  was 
thrown  forward  beneath  the  arch,  a,  and  the  gases  being  unable  to  escape 
directly  to  the  tubes  because  of  the  arch,  were  compelled  to  first  pass 
towards  the  fire-door,  B,  and  then  forward  over  the  top  of  the  arch,  a.  In 
this  way  a  complete  and  smokeless  combustion  was  obtained. 

Tabular  Statement  of  Eaperimenta  with  Engines  belonging  to  the  Scotti^ 
North'Eastem  RaHtuajf  Compare,  showing  the  result  of  a  few  tr^  over 
that  Baikoay, 

The  greatest  altitude  attained  on  this  line  was  840}  feet  above  the  level 
of  the  terminal  station,  and  of  this,  284^  feet  had  to  be  surmounted  in 
7  miles,  and  the  heaviest  gradient  on  this  part  of  the  line  was  1  in  91» 
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There  were  Tarioos  other  heavy  gradients  on  the  Ihie ;  for  instance,  on 
another  portion,  171^  feet  had  to  be  surmounted  in  a  distance  of  S)  miles. 
Mr.  Yarrow  considered  the  mode  indicated  by  the  table  of  testing  the 
saving  properties  of  a  particuhur  form  of  fire-box,  and  the  steaming  quali- 
ties of  any  particular  kind  of  fuel,  as  compared  with  another,  as  the  most 
correct  which  coidd  be  instituted;  since,  when  the  several  experiments 
were  all  conducted  with  the  same  engine,  it  mattered  not  so  much  in  what 
partictilar  order  that  engine  was,  as  regarded  its  valves,  pbtons,  &c.,  the 
true  value  of  the  experiment  consisting  not  so  much  in  the  result  shown 
as  regarded  the  consumption  of  fuel  per  mile,  as  in  the  amount  of  water 
evaporated  by  a  given  quantity  of  fuel 
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Mr.  Dewrance  remarked,  that  it  was  of  great  importance  to  be  able  to 
bum  coal,  and  particularly  the  Scotch  coal,  in  locomotive  engines,  as  the 
white-ash  coal  was  considerably  less  injurious  to  the  fire-box  than  coke. 


94  OnthiOambmHoai^CoaL 

Mr.  SnBLnro,  referring  to  Mr.  Gomum^  plan,  fig.  1,  Plate  VI, 
obaerved,  that  he  feared  that  unless  a  oonsidersAjle  quantity  of  air  were 
admitted  through  the  ash-pit,  the  fire  would  go  out 

Mr.  Clabk,  in  reply  to  the  President,  said  he  had  no  doubt  that  it  was 
easier  to  keep  up  steam  with  coal  than  with  ooke. 

Mr.  Lawbix  fisared  that  the  introduction  of  the  surplus  air  and  steam 
in  Mr.  Clark's  plan  must  hare  the  efiect  of  reducing  the  heat.  By  tiiis 
plan  fiame  would  be  produced  from  the  smoke,  and  this  he  took  to  be  a 
strong  proof  of  imperfect  combustion. 

Mr.  J.  R.  Nafisr  said  he  would  be  glad  to  know  whether  any  of  the  gen- 
tlemen present  bad  ever  found  a  saving  of  steam  or  fuel  from  burning  smoka 

Mr.  Clark  said  he  found  a  saving,  inasmuch  as  coal  would  go  as  fiu-  as 
coke  if  properly  burned. 

Mr.  Napier  remarked  that  in  marine  engines  he  never  found  the 
advantage  of  burning  smoke.  With  regard  to  Mr.  Gorman's  i>lan,  he 
mentioned  that  Dr.  Amot  had  one  in  which  the  air  had  no  access  from 
below,  and  the  fire  did  not  go  out  as  Mr.  Stirling  feared. 

Mr.  Lawrie  was  satisfied  that  there  was  no  saving  to  be  derived  from 
the  consumption  of  smoke. 

Mr.  B.  Connor  said  that,  in  the  engines  of  the  Caledonian  Bailway  Com- 
pany, the  use  of  coke  had  been  given  up,  and  that  of  Wishaw  coal  adopted, 
the  consumption  of  which  was  18j|  lbs.  per  mile ;  and  he  found  that  steam 
was  not  only  got  up  more  quickly  with  coal  than  with  coke,  but  also  that 
it  could  be  maintained  at  a  high  pressure  with  greater  ease.  He  was 
having  a  locomotive  altered  for  the  purpose  of  trying  Mr.  Clark's  plan. 

Mr.  D.  Mors  explained  a  simple  plan  for  smoke  consumptbn  which  he 
had  adopted.  Air  was  admitted  below  the  fire  bars  through  three  tubes 
of  three  inches'  diameter,  extending  back  some  distance  beneath  the  bars, 
and  in  the  intermediate  spaces  were  placed  smaller  tubes.  The  fronace 
door  was  perforated  and  covered  with  wire  gauze.  The  furnace  was 
always  open  below,  and  a  little  air  admitted  at  the  top. 

Mr.  Napibr  said  there  was  no  difiiculty  in  burning  smoke,  the  only 
question  being,  could  it  be  done  economically. 

Mr.  More  said  he  found  frt>m  a  register  of  his  engine,  which  was  of  20 
horses  power,  from  1854  to  1857,  that  it  formerly  consumed  nearly  20  cwt 
of  coal  a  day,  whilst,  since  he  adopted  the  plan  referred  to,  the  consump- 
tion was  reduced  to  17}  cwt. 

Mr.  MTarlanx  said  it  bad  occurred  to  him  that  a  great  waste  of  heat 
arose  from  admitting  air  below  the  fire,  and  that  if  he  could  prevent  that, 
smoke  would  be  prevented.  In  order  to  try  this,  he  made  the  floor  of  the 
grate  of  fire-bricks,  and  admitted  only  one  current  of  air  to  the  fire,  and 
the  efiect  was  what  he  had  anticipated. 


On  tht  C<nnhuition  of  Coal.  95 

The  PRESII>EMT  remarked  that  good  results  had  been  obtained  at 
Campsie  and  St.  Bollox  works  from  the  nse  of  a  fire-brick  hearth,  and 
the  only  objection  was  the  difficulty  of  removing  the  cinders;  but  great 
advantage  -was  derived  from  making  two-thirds  of  the  furnace  floor  of 
brick,  and  one-third  of  bars. 

Mr.  Stiruno,  referring  to  figs.  1  and  2,  Plate  VIIL,  asked  what  was  the 
difference  between  the  arrangement  and  effect  of  the  brick  arch  in  it  and 
in  Mr.  Beattie's  plan.     For  his  part  he  could  see  no  difference. 

Mr.  D.  RowAiT  said  that,  in  Mr.  Beattie's  plan,  it  would  appear  that  a 
copious  supply  of  air  was  not  sufficient  to  bum  the  smoke,  without  the  use 
of  a  beating  apparatus — such  as  the  bricks — otherwise  the  water-spaces,  A. 
would  have  a  cooling  effect;  whereas,  in  Mr.  Yarrow's  plan,  the  case  was 
different*  He  remarked  also  that  smoke  was  produced  more  from  the  want 
of  sufiicient  heat  than  from  the  want  of  a  sufficient  supply  of  air.  The 
water-spaces  in  Mr.  Beattie's  plan  would  circulate  the  gases;  but  without 
the  brick-heating  apparatus  there  would  not  be  enough  heat  in  the  fur- 
nace to  consume  them  and  prevent  smoke,  and  they  did  not  bum  until 
they  impinged  upon  the  hot  bricks. 

Mr.  Stirling  contended  that  Mr.  Beattie's  plan  was  superior  to  Mr. 
Yarrow's,  inasmuch  as  if  the  bricks  were  taken  out  of  the  latter's  furnace, 
smoke  would  be  produced ;  whilst,  if  they  were  removed  from  the  former's, 
the  effect  would  be  to  only  slightly  reduce  the  smoke-consuming  power  of 
the  furnace,  which  would  still,  owing  to  the  circulation  of  the  gases  by  the 
water-spaces,  be  a  smoke-burning  furnace. 

Mr.  D.  More  thought  the  same  might  be  said  of  Mr.  Yarrow's  plan  if 
the  arch  was  removed. 

Mr.  Stirling  knew  from  experience  the  advantage  of  Mr.  Beattie's 
plan.  Even  if  the  furnace  was  used  without  the  bricks,  it  had  the  advan- 
tage of  being  capable  of  alternate  firing  on  account  of  the  water-spaces 
which  reduced  the  production  of  smoke  very  much.  If  used  with  the 
bricks,  there  was  no  smoke  at  all  from  it. 

Mr.  D.  K.  Clark  said  that  he  found  from  experiments  mad^  -a.  few 
years  ago,  that  the  introduction  of  the  bricks .  entirely  prevented  smoke. 
He  explained  that  the  jets  represented  in  his  plan  were  not  to  be  used 
continuously,  but  only  when  it  was  found  that  the  fire  required  them. 
They  were  usually  turned  on  when  steam  was  shut  off  as  the  engine 
approached  a  station.  He  did  not  think  that  the  use  of  the  jets  occasioned 
any  loss  of  heat. 

Mr.  Gorman  observed  that  it  was  a  new  theory  to  him  that  fiame  in  a 
furnace  was  an  evidence  of  imperfect  combustion,  except  in  the  case  of 
coke.  He  found  the  expedient  of  leaving  the  fire  door  about  an  inch  open, 
as  effectual  a  plan  for  consuming  smoke  as  all  the  bricks  and  other  con* 
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trivances  patented  for  the  purpose.  In  reply  to  Mr.  Stirling,  he  explibed 
that,  in  the  plan  he  suggested,  there  was  a  yery  small  supply  of  air 
admitted  below  the  fire,  in  order  to  allow  of  the  production  of  combustible 
gases. 

Mr.  W.  Neilson  said  it  would  be  interesting  to  see  a  calcolaidon  of 
the  saying  that  could  be  effected  in  a  year  by  the  use  of  coal  instead  of 
coke  in  locomotiye  engines.  He  also  thought  there  must  be  economy 
in  consuming  smoke,  if  properly  managed.  In  order  to  constune  smoke 
economically,  ^e  would  recommend  the  adoption  of  larger  boilers  than 
those  now  in  use. 

Mr.  Dewrance  said  he  had  tried  Williams'  smoke-consuming  plan  id 
LiyerpooL  The  ash-pit  door  was  shut,  and  the  furnace  door  perforated 
and  fitted  with  yalyes.  The  result  was  a  saying  of  25  per  cent,  of  friel, 
or  25  per  cent  more  work  done  if  the  full  quantity  of  fuel  were  used.  In 
another  experiment  made  on  a  larger  boiler,  the  saying  was  about  50  per 
cent  He  found  from  experiment  on  an  engine  on  the  Liyerpool  and 
Manchester  line  that,  weight  for  weight,  coal  and  coke  did  the  same  amonst 
of  work,  but  the  coal  was  much  less  injurious  to  the  fire-box  than  the 
coke^-the  loss  in  wear  and  tear  on  fire-boxes  from  the  use  of  the  latter 
being  exactly  25  per  cent.  On  testing  the  ashes  or  deposit  of  the  coke, 
he  found  a  large  deposit  of  copper,  but  could  discoyer  no  traoe  of  it  in  the 
deposit  of  the  white-ash  coal. 

Mr.  D.  More  referred  to  the  recent  endeayours  of  the  Institution  to  indnce 
manu&cturers,  and  persons  using  steam  power  in  Glasgow,  to  form  an 
association  for  improying  their  boilers,  and  for  the  preyention  of  smoke. 
He  regretted  that  they  had  not  been  so  successfld  in  their  undertaking  as 
the  Manchester  Society  had  been,  but  hoped  that  the  matter  would  yet, 
and  yery  soon,  be  taken  up  by  the  manufacturing  classes. 

The  President  remarked  that  the  Manchester  Society  had  been  yeiy 
successful  in  their  operations ;  but  the  manufiicturers  of  Glasgow  did  not 
yet  seem  to  be  alive  to  the  importance  of  the  subject 

The  thanks  of  the  meeting  were  yoted  to  the  authors  of  the  papers  read, 
and  to  those  gentlemen  who  had  supplied  additional  information. 
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Thb  Sbvemth  Mekhno  of  the  Session  was  held  in  the  Philosophical 
Society's  Hall,  on  Wednesday,  16th  March,  1859 — the  Pbesidemt  in  the 
chair. 


The  meeting  tmanimouslj  elected  as  honorary  members  the  two  gentle- 
men proposed  at  last  meeting. 


The  following  paper  was  read : — 

On  Patent-Law  Reform,    By  Edhund  HuiiT. 

The  object  of  the  present  remarks  is  simply  to  introduce  the  sabject  of 
Patent-Law  Reform  for  discussion  by  the  members  of  this  Institution.  When 
the  subject  was  first  proposed,  it  seemed  desirable  that  it  should  be 
dbcussed  at  the  present  time,  because  it  was  generally  understood  that 
the  Goyemment  contemplated  introducing  a  measure  to  amend  the  patent 
laws  during  the  present  session  of  Parliament    A  question  has  since  been 
put  in  the  House  of  Commons  to  ascertain  the  intentions  of  the  Govern- 
ment in  this  respect ;  and  it  has  been  stated  that  there  is  no  intention  of 
bringing  forward  such  a  measure  this  session.    Notwithstanding  this,  how- 
ever, the  want  of  some  amendment  in  the  patent  laws  seems  to  be  so 
generally  felt,  that  the  writer  considers  it  &r  from  unlikely  that  a  measure 
may  still  be  introduced  this  session ;  and  if  not  so  soon,  at  any  rate  early 
next  session.     In  any  case,  we  cannot  discuss  the  subject  at  too  early  a 
date  if  we  wish  to  give  the  results  of  our  deliberations  a  chance  of  embodi- 
ment in  any  new  law  that  may  be  passed. 

No  section  of  the  inhabitants  of  these  realms  can  be  more  interested 
in  the  subject  than  that  having  Glasgow  for  its  centre — and  of  such  section, 
none  more  than  the  engineering  portion — whilst  the  proportion  of  patent 
taxes  contributed  from  this  district  entitles  the  contributors  to  expect  a 
proper  respect  for,  and  consideration  of  any  suggestions  they  may  offer. 
Bj  no  body  or  society,  however,  in  this  district,  can  the  matter  be  more 
appropriately  taken  up  than  by  this  Institution — ^the  members  of  which 
cannot  but  be  qualified  to  give  valuable  suggestions  towards  the  obtain- 
ment  of  really  beneficial  enactments,  seeing  that  every  individual  of  them 
lias,  directly  or  indirectly,  experienced  something  of  the  working  of  the 
existing  patent  laws.     Many  of  them  are  themselves  patentees,  and  more 
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would  undoubtedly  be  bo  under  an  amended  state  of  the  laws ;  whilst  such 
as  are  neither  patentees  nor  iuTentors,  are  the  customers  of  patentees,  and 
may  represent  the  public  interest  as  opposed  to  that  of  patentees. 

As  jou  are  probably  aware,  the  subject  is  now  being  discussed  in  other 
parts  of  the  kingdom,  and  in  the  engineering  press.  At  Manchester  a 
public  meetmg  has  been  held,  at  which  there  was  adopted  a  petition  to 
Parliament  embodying  sereral  suggestions  of  amendment  in  the  laws,  and 
prepared  by  the  Manchester  branch  of  the  Patent-Law  Reform  Association. 
These  suggestions  can  be  discussed  by  you,  and  if  you  approre  of  them, 
you  can  assist  in  impressing  upon  the  legislature  the  desirableness  of 
adopting  them.  The  writer  hopes,  howcTer,  that  you  will  do  more  than 
this ;  for  there  are  many  points  of  importance  about  which  the  Manchester 
petition  is  silent. 

The  Manchester  suggestions  relate — 1,  To  the  taxes  payable  to  Grorem- 
ment  for  patent  rights ;  2,  To  the  use  of  the  surplus  funds  formed  by  the 
excess  of  the  taxes  oyer  the  expenses  of  the  Grovemment  patent  office ;  3, 
To  the  appointment  of  additional  commissioners  \  4,  To  the  formation  of  a 
special  court  for  trying  patent  cases ;  5,  To  the  imposition  of  a  penalty  on 
all  persons  selling  goods  as  patented  which  are  not  so ;  and,  6,  To  the 
simplification  of  the  modes  of  obtaining  patents  in,  or  extending  them  to 
the  colonies. 

Before  detailing  the  suggestions  relating  to  taxes,  it  may  be  well  to 
make  a  short  statement  of  the  present  state  of  matters  in  that  respect  :— 
Before  1852,  it  oost  about  £500,  including  all  expenses,  to  obtain  three 
patents  together  extending  over  the  United  Kingdom ;  now,  a  single  patent, 
extending  over  the  United  Kingdom,  costs,  in  Government  taxes,  £175,  if 
kept  up  for  fourteen  years;  and,  in  agents'  charges,  from  £16  to  £40,  or 
£50  in  extreme  casesw  Of  the  £175  Government  taxes,  £25  is  paid  in 
various  separate  sums  upon  the  application  for  a  patent  being  made,  and 
within  six  months  after  it ;  £50  is  paid  at  the  end  of  the  third  year ;  and 
£10<>  at  the  end  of  the  seventh  year.  As  the  last  two  payments  are 
expected  to  be  provided  for  out  of  the  profits  of  the  invention,  and  need 
not  be  paid  if  the  patentee  does  not  care  to  keep  up  the  patent,  it  is  usual 
to  consider  the  oost  of  a  patent  as  being  £25 — the  taxes  payable  during 
the  first  six  months,  phia  the  agents*  charges  for  the  preparation  of  docu- 
ments, drawings,  &c. — say  in  all,  forty  to  fifty  guineas  in  ordinary  cases. 
Now,  the  Manchester  petitioners  wish  to  make  the  taxes  payable  during 
the  first  six  months  £15  instead  of  £25 ;  that  is,  to  reduce  the  cost  by 
£10,  or  from  20  to  25  per  cent.  Instead  of  the  taxes  now  payable  at  the 
ends  of  the  ilurd  and  seventh  years,  they  propose  to  substitute  a  tax  of 
£25,  payable  at  the  end  of  the  fifth  year,  that  is,  to  deduct  8d  per  cent, 
from  the  taxes  for  keeping  the  patent  in  force. 
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This  qutsstion  of  the  taxes  is  evidently  the  first  we  ought  to  connder,  fa 

being  the  most  important.    What  will,  in  all  probability,  be  the  effect  of 

the  proposed  reduction  ?     At  the  last  reduction  of  taxes,  the  annual  crop 

of  patents  increased  from  525  in  1850,  and  454  in  1851,  to  an  average  of 

3000  since  1852,  and  we  may  expect  a  further  increase  on  the  taxes  being 

again  reduced.   The  redaction  in  1852  opened  the  door  to  a  great  number 

of  perfectly  ^worthless  inventions  (in  the  first  two  or  three  years  there  were 

annually  ten  to  twenty  mechanical  "  perpetual-motion  ^  schemes ;  during 

the  last  year,  the  writer  has  not  observed  so  many,  although  they  are 

occasionally  to  be  met  with) ;  but,  perhaps,  the  worst  evil  ariang  from 

the  increased  facility  in  obtaining  patents  consists  in  the  patenlang  (or,  in 

most  cases,  the  merely  provisionally  protecting)  of  numerous  really  valuable 

inventions  by  parties  not  id  positions  to  work  out  their  ideas  to  practical 

and  usefrd  results — some  of  such  parties  wanting  the  requisite  funds,  and 

others,  to  whom  the  writer  more  particularly  refers,  being  engaged  in 

business  pursuits  of  a  nature  totally  dissimilar  from  tihat  of  their  inventions. 

An  evil  arising  from  the  great  number  of  patents,  is  the  difficulty  of 

ascertaining  what  is,  and  what  is  not  patented.    It  was  extremely  fortunate 

that  when,  in  1852,  the  act  was  passed,  which  resulted  in  the  enormotw 

increase  in  the  number  of  patents  already  referred  to,  steps  were  at  the 

same  time  taken  by  the  Government  to  mitigate  this  evil  by  printing  and 

distributing  the  specifications.     Notwithstanding  this,  however,  the  evil 

referred  to  must  increase  with  the  addition  to  the  existing  stock  of  each 

succeeding  patent,  whilst  a  further  reduction  of  taxes  must  notably  «»faf^ 

the  rate  of  such  increase. 

There  can  be  no  doubt  that  the  reduction  of  the  patent  taxes  will  be  a 
boon  to  inventors,  and  through  them  to  the  public  generally ;  but  the  value 
cf  the  boon  will  be  considerably  enhanced  if  a  measure  can  at  the  same 
time  be  devised  which  shall  have  the  effect  of  reducing  the  number  of 
patents  for  valueless  and  abortive  inventions.  The  writer  has  long  thought 
of  a  measure  which  would,  he  hopes,  have  such  an  effect,  besides  doing 
away  with  some  other  evils  attending  the  present  system.  The  proposed 
measure  is  extremely  simple,  and  on  its  first  mention  it  may  not  meet  with 
the  approval  of  many — with  that  of  patent  agents  generally  it  certainly  will 
not,  and  lawyers  wiU  probably  raise  many  objections  to  it.  A  lengthened 
study  and  consideration  of  it,  however,  has  given  it  some  importance  in 
the  writer's  eyes,  and  he  trusts  it  may  be  impartially  discussed. 

One  remarkable  result  of  the  working  of  the  Patent-Law  Amendment 
Act  of  1852,  is  the  enormous  revenue  yielded  in  excess  of  the  expenses 
attending  the  Government  patent  office.  This  has  accumulated  since 
Ist  October,  1852,  and  now  amounts  to  neariy  £100,000.  If,  at  the 
present  time,  this  revenue  were  derived  from  what  would  be  openly  called 
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lotteries,  the  GrOTermnent  would  be  exposed  to  perfect  storms  of  oondem- 
nation  from  all  quarters ;  and  yet,  in  the  writer's  opinion,  there  is  as  much 
ground  for  censure  as  regards  this  patent  rerenue.  It  is  true,  the  GoTem- 
ment  has  been  asked,  and  there  is  some  reason  to  hope  it  will  consent,  to 
use  this  reyenue  for  the  benefit  of  the  patentees  who  haxe  contributed  to 
it,  in  which  case,  of  course,  it  will  not  be  chargeable  with  the  possession 
of  revenue  improperly  obtained.  If  the  patent  laws  are  not  amended, 
however,  patentees  will,  with  few  exceptions,  continue  to  be  little  better  than 
lottery  gamblers.  The  laws,  as  they  now  stand,  force  them  to  be  so.  It 
may  be  said  that,  in  a  vague  sense,  every  occupation  of  life  has  something 
of  the  lottery  about  it,  but  more  than  this  is  meant  in  the  present  case. 

As  the  laws  now  stand,  there  are  very  few  cases,  indeed,  in  which  an 
inventor  can  assure  himself  of  the  mechanical  feasibility,  let  alone  the 
practical  or  commercial  success  of  his  invention,  before  spending  money 
in  obtaining  a  patent.  In  obtaining  such  assurance  he  must,  in  very  many 
cases,  publish  his  invention  more  or  less ;  but  the  law  says  the  patent  is 
invalid  if  such  publication  takes  place  before  the  patent  is  applied  for; 
in  other  words,  the  inventor  must  purchase  a  provisional  protection  lottery 
ticket,  and  take  his  chcmce  of  a  prize  with  the  rest.  Some  years'  experience 
in  these  matters  has  convinced  the  writer  that  nothing  tends  so  much  to 
swell  the  lists  of  patents  as  this  one  little  lottery  regulation — "  Apply  ibr 
your  patent  before  proceeding  to  ascertain  the  value  of  your  invention.^ 

But  this  little  regulation  is  productive  of  more  extended  evil  than  at 
first  appears.  We  all  know  how  prone  we  are  to  throw  good  money  after 
bad,  vainly  hoping  thereby  to  recover  alL  Many  an  inventor,  who  if  he 
had  been  able  to  test  his  invention  before  investing  in  a  patent,  would 
soon  have  relinquished  it,  his  purse  very  little  the  lighter — ^now  persists  in 
a  vain  pursuit  simply  because  of  the  amount  he  has  so  invested ;  and  not 
liking  to  lose  this,  ends  by  losing  much  more.  There  are  a  few  cases 
where  such  persistence  results  in  success — ^another  exemplification  of 
lottery-like  character.  Again,  when  an  inventor  first  applies  for  his 
patent,  he  must  produce  a  provisional  specification  or  description  of  his 
invention.  It  is  not  to  be  expected  that  at  this  stage,  when  his  invention 
is  but  a  crude  embryo,  he,  or  the  best  agent  he  may  employ,  can  make 
this  document  altogether  what  it  should  be ;  and  yet  it  is  required  by  law 
expressly  to  prevent  the  patentee  fi:om  afterwards  adding  to  his  patent 
any  important  improvements  that  may  occur  to  him  during  its  six 
months*  progress  to  completion.  It  very  firequently  happens  that  the 
most  valuable  part  of  an  invention  only  acquires  value  in  the  inventor's 
eyes  from  experiment  or  practical  trial  after  the  patent  is  applied  for,  and 
thac  it  is  not  sufiiciently  explained  in  the  provisional  specification  to 
afford  ground  for  a  valid  claim  in  the  final  specification.    At  present  such 
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a  defect  can  only  be  remedied  by  taking  out  a  new  patent  for  the  part  in 
question  ;  but  rather  than  go  to  the  extra  expense  of  this  step,  many  an 
inventor  enters  the  claim  he  wants  in  the  final  specification  of  his  original 
patent^  and  runs  the  risk  of  its  invalidity  being  discovered.     It  is  true, 
this  arrangement  is  supposed  to  prevent  a  patentee  from  incorporating  in 
his  final  specification  the  inventions  or  improvements  of  others;  but  surely 
a  better  measure  could  be  devised  to  prevent  a  man  from  stealing,  than  one 
which  denies  him  the  use  of  his  own  property.     Altogether  the  practical 
effect  of  this  arrangement  as  to  the  provisional  specification  combined 
with  the  '*  lottery  regulation  "  requiring  an  inventor  to  apply  for  a  patent 
before  be  well  knows  what  his  invention  is,  is  to  make  a  great  proportion  of 
existing  patents  invalid,  by  reason  of  there  beiQg  claims  in  the  final  specifi- 
cations for  which  the  provisional  specifications  contain  no  sufficient  grounds. 
Patent  rights  or  monopolies  have  more  of  the  commercial  than  any 
other  character.    The  inventions  which  are  most  meritorious  in  a  scientific 
sense,  are   generally  not  the  most  successful  commercially.      Viewed 
commercially,  successful  inventors  recdve,  through  the  action  of  the  patent 
laws,  a  recompense  more  justly  proportioned  to  t^eir  respective  merits 
than  could  be  given  them  in  any  other  way.     The  law  says— only  the 
patentee  shall  make  and  sell — ^but  the  law  cannot  force  the  public  to  use 
or  buy;  each  invention  must  do  that  itself,  according  to  its  value.     The 
granting  of  a  mere  nominal  patent  right  has  nothing  whatever  to  do  with 
the  commercial  success  or  failure  of  the  invention,  whilst  the  cost  of  the 
patent  must  be  regarded  as  a  tax  on  the  profits  derivable  from  the 
invention ;  the  patent  laws  obviously  implying  that  the  inventor  deserves 
these  profits  as  a  reward.    As  long  as  we  pay  taxes  at  all,  we  cannot 
expect  to  be  exempt  from  taxes  on  such  profits;  but  it  is  hard  to  be 
called  upon  to  pay  them  so  long  before  enjoying  the  profits  upon  which  they 
are  charged ;  and  it  is  harder  still,  for  those  not  fond  of  lottery  gambling, 
to  pay  them  without  some  solid  grounds  for  counting  on  such  enjoyment. 
As  just  mentioned  the  patent  laws  imply  that  an  inventor  deserves  reward, 
and  they  give  him  the  patent  simply  as  an  expedient  for  securing  that 
reward.   Why  make  the  security  so  uncertain  as  it  practically  is  at  present? 
What  harm  can  possibly  result  from  the  inventor's  ascertaining  practically 
if  his  invention  merits  reward,  before  spending  money  for  a  mere  nominal 
title?    Indeed,  if  practicable,  it  would  not  be  very  much  out  of  the  way 
for  the  Government  to  ascertain  the  actual  merit  or  practical  value  of 
inventions  before  taking  steps  to  secure  rewards  to  the  inventors.     One 
would  expect  caution  to  lead  them  in  that  direction  rather  than  in  the 
very  opposite  one,  as  is  the  case. 

It  may  be  said  that  the  proper  remedy  for  the  defect  complained  of  lies 
in  the  inventor's  hands.     Let  him  consider  his  invention  more  carefiilly 
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before  roahing  into  the  patent  list  This  is,  however,  very  much  more 
easily  said  than  done.  The  very  process  of  invention  renders  the  inventor 
less  capable  than  before  of  carefully  considering  the  invention,  which 
places  itself  before  him  as  the  offspring  of  his  own  brain  in  the  most 
glowing  sunlight;  and  a  lengthened  study  of  it  but  brings  out  more 
beauties  in  his  eyes.  Besides,  every  inventor  will  tell  you  it  is  impossible 
to  consider  the  matter  more  carefully  than  he  has  done. 

Before  proposing  a  measure  for  doing  away  with  the  present  lottery- 
like character  of  patents,  it  will  be  well  to  inquire  if  there  is  any  benefit 
to  any  one  in  the  arrangement  which  imparts  this  character.  It  is  true, 
it  increases  the  number  of  patents,  and  in  consequence  the  patent  revenue; 
but  this  argument  would  not  avail  much  in  the  case  of  an  ordinary  lottery 
revenue.  The  lawyers  will  say,  that  something  of  the  kind  is  necessaxy  to 
fix  the  date  of  the  invention.  If  it  can  be  proved  that  an  invention  was 
publicly  known  or  used  before  a  certain  date— at  present  the  date  at 
which  the  patent  is  applied  for — the  patent  is  invalid.  What  harm  can 
it  possibly  do  to  make  this  date  a  few  months  later  or  a  few  months 
earlier  than  the  nominal  date  of  the  patent  ?  The  evidence  at  patent 
trials  must  still  be  the  same,  only  the  date  to  which  it  refers  will  be 
different.  A  patent  is  never  sealed  until  some  time  after  the  first  appli- 
cation for  it.  Under  the  old  law — before  1852 — ^the  date  of  sealing  was 
the  date  to  which  everything  connected  with  the  patent  was  referred.  If 
a  person  on  inventing  anything  immediately  applied  for  a  patent,  but  did 
not  get  it  sealed,  say,  for  four  months,  there  was  a  possibility  of  his 
invention  being  published  during  those  four  months,  so  as  to  render  his 
patent  invalid.  One  of  the  greatest  improvements  of  the  Patent-Law 
Amendment  Act  of  1852  was  to  make  the  patent  date  back  to  the  date  of 
the  original  application  for  it,  notwithstanding  that  it  might  not  be  sealed 
for  nearly  six  months  afterwards.  The  writer  refers  to  this  to  show  that 
there  is  a  precedent  for  making  a  patent  refer  to  a  date  prior  to  that  on 
which  it  is  in  reality  granted. 

This  brings  us  to  the  proposed  measure.  Let  it  be  declared  in  any 
new  act  relating  to  the  patent  laws  that — 

**  Any  publication  of  an  invention  by  the  inventor  for  a  certain  time — 
six  months,  for  example — before  he  applies  for  a  patent,  shall  not  invalidate 
such  patent.  The  actual  use  during  that  period  by  another  party  not 
authorized  by  the  inventor,  shall  invalidate  the  patent.  The  publication, 
during  that  period,  of  a  description  of  the  invention,  shall  not  afiect  the 
patent,  excepting  in  so  far  as  it  may  bear  upon  the  patentee's  claim  to  he 
an  original  inventor,"  • 

*  Three  dajs  after  this  paper  waa  read,  there  received  Her  Mi^esty^s  Royal  Sanction  an 
act  for  India,  entitled  **  An  Act  for  granting  exclnsive  privileges  to  Inventors,**  and  con- 
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At  present  parties  may  take  two  courses  in  obtaining  a  patent.  They 
may  lodge  a  provisional  specification,  and  six  months  afterwards  a  final 
complete  specification ;  time  being  thus  aiSbrded  them  to  complete  their 
plans,  though,  as  before  mentioned,  not  to  introdtice  any  improvements  of 
importance.  Or  they  may  lodge  a  complete  specification  on  first  applying 
for  the  patent,  having,  of  course,  no  opportunity  of  afterwards  remodelling 
this  doctunent.  It  will  be  well,  in  case  the  proposed  measure  is  adopted, 
to  make  it  applicable  only  where  a  complete  specification  is  lodged  on 
making  first  application ;  the  law  remaining  unaltered  as  regards  those 
who  wish  to  take  the  six  months  for  the  preparation  of  their  complete 
specifications. 

The  proposed  measure  may  be  expected  to  reduce  the  number  of  appli- 
cants for  patents ;  for  many  inventors  wiU  put  their  inventions  in  practice 
before  spending  money  on  a  patent,  and  in  many  cases,  finding  no  practical 
improvement  on  previous  plans  to  result,  will  abandon  them.  In  most 
cases,  the  schemes  thus  tried  and  abandoned  will  be  better  out  of  the 
patent  listSL  In  some  cases  valuable  inventions  may  be  lost  for  want  of 
the  perseverance  which  the  fact  of  having  invested  money  in  a  patent 
woidd  otherwise  have  given  their  authors ;  but  these  cases  will  be  few,  as 
inventors  are  generally  too  sanguine  to  give  up,  as  long  as  an  invention 
exhibits  a  spark  of  promise. 

The  number  of  patents  thus  taken  out  of  the  lists  will,  however,  be 
partly  at  least  replaced  by  patents  for  inventions  of  value,  which,  under 
the  existing  st^te  of  things,  do  not  get  patented.  And  here  we  shall  have 
a  very  valuable  result  of  the  working  of  the  proposed  measure.  It  is  well 
known  that  many  valuable  inventions  have  never  been  patented ;  they 
have  been  devised  in  the  ordinary  course  of  business,  perhaps,  and  not 

taining  the  following  remu-kable  claiue,  showing  that  our  Indian  legislature  is  in  advance 
of  that  at  home.— E.  H. 

*<An  invention  shall  be  deemed  a  new  invention  within  the  meaning  of  this  Act 
if  it  shall  not,  before  the  time  of  applying  for  leave  to  file  the  specification,  have  been 
pnblidy  used  in  India  or  in  any  part  of  the  United  Kingdom  of  Great  Britain  and  Ireland, 
or  been  made  pablicly  known  in  any  part  of  India  or  of  the  United  Kingdom  by  means  of 
a  pablication,  either  printed  or  written,  or  partly  printed  and  partly  written.  The  public 
nse  or  knowledge  of  an  invention,  prior  to  the  application  for  leave  to  file  a  specification, 
shall  not  be  deemed  a  public  use  or  knowledge  within  the  meaning  of  this  section,  if  the 
knowledge  shall  have  been  obtained  suireptitionsly,  or  in  fraud  of  the  inventor,  or  shall 
have  been  oommimicated  to  the  public  in  fraud  of  the  inventor  or  in  breach  of  confidence : 
provided  the  inventor  shall,  within  six  calendar  months  after  the  commencement  of  such 
public  use,  apply  for  leave  to  file  his  specification,  and  shall  not  previously  have  acquiesced 
in  such  public  use :  provided  also,  that  the  use  of  an  invention  in  public  by  the  inventor 
thereof,  or  by  his  servants  or  agents,  or  by  any  other  person  by  his  licence  in  writing,  for 
a  period  net  exceeding  one  year  prior  to  the  date  of  his  petition,  shall  not  be  deemed  a 
public  nse  thereof  within  the  meaning  of  this  Act." 


104  On  PaJtent-Law  Befarm. 

been  mach  thought  of  at  the  time;  or  the  inventor  has  had  an  objection  to 
a  patent,  or  wanted  funds,  or  has  been  without  sufficient  faith  in  the 
commercial  success  of  the  invention.  In  a  few  months  the  invention  has 
proved  itself  worthy  of  a  Ibetter  fate;  and  the  inventor,  encouraged,  at  once 
consults  a  patent  agent.  He  is  then  cruellj  told  he  cannot  get  a  valid 
patent,  because  he  has  already  published  his  invention.  The  term 
"publish,"  in  connection  with  patents,  signifies  "publishing  in  a  book  or 
periodical,  using  in  a  public  manner,  putting  others  in  the  way  of  being 
able  to  use,"  &c.  The  writer's  own  experience  proves,  that  there  are  more 
cases  of  this  kind  than  is  generally  supposed.  And  in  addition  to 
inventions  failing  to  be  patented  in  this  way,  many  invalid  patents  are 
taken  out  at  the  risk  of  the  prior  publication  being  afterwards  proved. 
The  proposed  measure  would  remedy  all  this. 

Of  course  the  inventor  must  run  the  risk  of  his  invention  being  used 
by  others  in  consequence  of  his  publishing,  but  he  will  doubtless  publish 
it  cautiously,  and  not  more  than  is  necessary.  Besides,  when  he  has  got 
his  invention  to  such  a  condition  of  perfection  or  success  as  he  fears  may 
induce  other  parties  to  adopt  it,  he  immediately  secures  his  patent. 

If  it  should  be  found  that  there  are  insurmountable  objections  to  the 
proposed  measure,  there  is  an  alternative  measxire  meeting  some  of  the 
evils  complained  of.  Thus,  it  might  be  enacted  that,  if  an  inventor  finds» 
after  lodging  lus  provisional  specification,  that  it  does  not  cover  some 
important  points  which  have  turned  up  in  working  out  his  invention,  he 
may  make  a  valid  claim  for  these  in  his  final  specification ;  such  claim, 
however,  being  subject  to  be  declared  void,  not  only  if  it  shall  be  proved 
that  the  matter  claimed  shall  have  been  published  before  the  date  of 
original  application,  but  also  if  it  shall  have  been  published  before  the 
filing  of  the  final  specification,  or  if  it  be  described  in  the  provisional 
specification  of  any  other  party  lodged  before  the  filing  of  the  final  speci- 
fication. 

This  measure  might  also  be  adopted  along  with  the  first  one  mentioned. 

In  proceeding  to  discuss  in  detail  the  Manchester  suggestions  as  to  the 
reduction  of  taxes,  we  find  they  propose  to  retain  the  £5  tax  on  the  appli- 
cation for  a  patent,  taking  the  reduction  entirely  off  the  subsequent  taxes. 
Were  the  writer's  measure  to  become  law,  it  would  not  matter  much  to 
those  availing  themselves  of  it  in  what  separate  sums  the  taxes  were 
payable ;  but,  in  the  absence  of  such  a  measure,  the  question  is  worth  con- 
sidering. Is  not  the  first  payment  as  much  felt  as,  if  not  more  felt  than 
any,  seeing  that  then  the  value  of  the  invention  is  more  uncertain  than  at 
any  other  time?  Again,  with  the  first  payment  there  is  necessarily 
required  a  larger  proportionate  payment  to  the  agent  than  at  any  other 
stages  except  the  final  one.    Would  it  not  be  better,  therefore,  to  reduce 
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this  first  pBTxnent,  rather  than  those  acoompanied  by  smaller  proportionate 
agency  fees.  A  common  reason  urged  for  reducing  patent  taxes,  is  to 
enable  poor  but  meritorions  inrentors  to  obtain  patents,  or  rather  to 
protect  themselves  so  as  to  render  their  inventions  marketable.  The  usual 
plan  is,  for  a  poor  inventor,  to  purchase  provisional  protection,  and  then 
seU  the  whole  or  a  portion  of  his  invention  to  the  capitalist,  who  pays  the 
remaining  taxes  required  to  complete  the  patent  According  to  the  Man- 
chester suggestion,  the  poor  inventor  is  to  be  saved  nothing,  whilst  the 
capitalist  is  to  derive  all  the  benefit  of  the  reduction.  Altogether,  the 
first  payment  should  at  least  participate  in  any  reduction  that  may  be 
made.  The  Manchester  suggestion  reads  very  much  as  though  compiled 
by  a  class  able  to  risk  a  £5  note  now  and  then,  but  who  never  considered 
those  with  less  money  to  spend. 

With  reference  to  the  Manchester  proposal  to  substitute  for  the  £50 
tax  at  the  end  of  the  third  year,  and  the  £1 00  tax  at  the  end  of  the  seventh 
year,  a  single  one  of  £25  only ;  it  may  be  said  that,  to  a  certain  extent,  it 
has  the  same  &ult  as  the  other  proposed  reductions.  If  taxes  are  to  be 
paid  on  the  profits  arising  from  inventions,  it  is  surely  better  that  the 
larger  portion,  if  not  the  whole,  should  be  paid  when  the  profits  are  being 
reaped.  It  is  said,  and  with  truth,  that  the  majority  of  important  patents 
do  not  commence  to  yield  profits  until  the  fifth,  sixth,  or  seventh  years  of 
their  duration.  If  this  is  the  case,  make  the  present  £50  tax  payable  at 
the  end  of  the  fifth  year,  and  the  £100  tax  payable  at  the  end  of  the  tenth 
year.  But  if  these  taxes  are  to  be  reduced,  let  the  earlier  expenses  share 
to  a  greater  extent  in  the  reduction.  A  sound  principle  on  which  to 
adjust  the  patent  taxes,  would  consist  in  making  the  taxes  which  are 
payable  during  the  first  six  months  barely  sufficient  to  cover  the  expenses 
of  the  Government  patent  office ;  and  in  levying  extra  taxes,  at  a  period 
not  earlier  than  the  average  at  which  patents  ordinarily  commence  payingi 
on  the  profits,  of  receiving  which  there  is  then  some  probability. 

In  the  case  of  French,  Belgic,  and  some  other  continental  patents,  an 
annual  tax  is  payed,  and  it  has  been  proposed  to  adopt  something  of  the 
same  kind  here ;  but  there  are  objections  to  it,  chiefly  arising  from  the 
machinery  (if  that  term  may  be  used)  involved  in  collecting  it.  If  it  were 
to  be  adopted,  the  annual  tax  should  be  as  small  as  possible  at  first,  and 
gradually  larger  as  the  profits  arising  firom  the  invention  may  be  supposed 
to  increase. 

The  Manchester  petitioners  suggest  that  the  surplus  ftmds  arising  from 
patent  taxes,  in  excess  of  the  Government  patent  office  expenses,  be  set 
aside  to  be  expended  in  promoting  the  progress  of  invention  and  science. 
This  is  all  very  well,  but  it  will  be  very  generous  on  the  part  of  the  (jrovem- 
ment  to  give  up  this  revenue.  When  the  system  of  patents  is  properly  regu- 
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lafted,  this  palent  mvevne  u  as  muoh  a  tax  on  oommercMtl  forofits  aa  amy 
othar  ezistixig  tax,  and  the  €rO¥eniiaeiit  has  as  mudk  ziglit  to  impose  it. 
It  is,  indeed,  less  objectionable  than  maaj  other  taxes.  The  party  who 
actoally  pays  the  tax,  gets  in  retom  what  he  may  conTeit  into  a  Talnable 
consideration,  and  the  public  are  not  losen  in  consequence  of  die  mono- 
poly, because,  without  the  reward  thereby  hekL  out  to  ihe  inyento? ,  they 
would  be  without  Yery  many  of  the  improTements  the  inYentor  is  induced 
by  that  reward  to  produce. 

The  third  proposal  of  the  Manchester  petitionen  is  to  appoint  sdentifie 
commissioners  to  assart  at  the  granting  of  patenta-^what  for,  is  beyond  tiie 
writer's  comprdiension.  It  is  impossible  that  any  scientific  examination^ 
before  granting  a  patent,  can  do  anything  but  injury.  All  the  examinar 
tion  necessary  is,  to  see  that  the  documents  lodged  are  fbrmaL  It  is  ftr 
the  fairest  way  for  the  inventor  to  take  the  risk  as  regards  the  novelty  of 
his  inyention  and  the  validity  of  his  claims. 

The  fburth  of  the  Manchester  proposals  is,  to  provide  a  special  eonrt  for 
trying  patent  cases,  at  which  neutral  scientific  persons  are  to  act  as  joron^ 
their  services  being  paid  out  of  the  surplus  fond.  This  question  is  worthy 
of  much  more  consideration  than  the  writer  can  possibty  give  it  in  the 
present  paper.  Suffice  it  to  say,  that  there  is  tmquestionably  great  need 
for  simplifying  the  existing  modes  of  tiying  patent  esses,  partieolaily  in 
Scotiand. 

The  fifth  of  the  Manchester  proposals  is,  to  impose  a  penalty  on  all  per- 
sons selling  goods  as  patented  which  are  not  so.  It  is  remarkable,  that 
Yfkakt  there  is  a  penalty  for  using  the  word  "registered"  without  due 
authority,  there  is  none  for  similarly  using  thetenn  *' patented."  Of 
course,  if  a  price  is  obtained  for  an  article  partly  on  the  ground  of  its 
being  patented  when  it  is  not  so,  a  deduction  can  be  enforced  in  paying 
the  account,  and  the  party  using  the  designation  can  be  put  to.  consider- 
able inconvenience  otherwise.  However,  a  simple  penalty  will  be  for 
better,  and  its  imposition  will  tend  to  give  a  higher  diaracter  to  patent 
property  generally.    There  can  scarcely  be  any  objection  to  this  proposal 

The  sixth  and  last  of  the  Manchester  proposals  is  likewise  a  useful  one, 
and  one  which  can  scarcely  be  objected  to.  It  is  to  this  effect,  "  That  some 
simple  means  be  devised  to  secure  patents  for  her  Majesty's  cobnies.'' 
The  writer  would  merely  suggest  a  slight  altezation  in  the  wording — say, 
"That  some  simple  means  be  devised  for  extending  British  patent  lights 
to  her  Majesty's  cobnies." 


lir.  W.  Nklson  thought  the  members  were  scarcely  prepared  to  take 
up  the  subject  at  present    For  his  own  part  he  must  confess  consicterable 
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Ignohmde  ef  it;  still  lie  Really  innat  say  tlmt  he  did  not  thkk  the  preset 
ofaArges  nrak^  too  lugb,  and  he  would  be  rery  much  disinolined  to  deprive 
the  €k»Temment  of  the  good  revenue  they  derived  ^m  the  patent  taxes. 
At  the  same  tune  he  thought  that  that  revenue  should  be  applied  to  the 
advancement  of  the  arts  aiLd  manufactures,  and  to  the  encouragement  of 
inventors.  As  the  matter  was  rather  important,  and  the  Session  about  to 
oloee,  he  would  suggest  that  it  be  taken  up  at  the  first  meeting  of  next 
BessLon^  by  which  time,  if  Mr.  Hunt's  paper  was  published^  the  members 
would  be  much  better  prepared  than  they  now  were  to  follow  him  in  it. 

Mr.  J.  B.  Napieb  saw  no  reason  why  the  Government  should  not  d^ve 
a  revenue  from  patents.  Many  persons  took  out  patents  who  should  not 
have  done  so,  and  it  was  only  right  that  fhey  ^ould  pay  for  it 

Mr.  Lawbib  said  Mr.  Scott  Russell  would  make  a  bonfire  of  patents 
and  patent  laws  together. 

Mr.  J.  R.  Napiss  was  convinced  that,  if  the  members  had  an  oppor* 
ttmity  of  reading  the  paper  in  print,  they  would  be  better  able  to  form  an 
0|^on,  abd  come  to  a  proper  determination  of  the  question. 

Mr.  Huir^  feared  that  if  nothing  were  done  in  the  matter  during  the 
present  Session  nothing  would  be  done  at  all;  for  it  was  generally 
expected  that  if  the  Government  did  not  introduce  a  bill  this  Session  some 
other  parties  Wonld  bring  one  forward. 
Mr.  W.  Nbilsov  thought  ^ai  extremely  doubtfuL 
Mr«  J.  Ri  Napisb  did  not  fed  himself  aggrieved  by  the  law  as  it  stood, 
Hr  affected  irith  any  gteat  sympathy  for  the  subject. 

Mi^.  W.  Neuron  said  iikeie  eould  be  ho  doubt  that  it  would  be  of  the 
greatest  importanee  to  get  a  revenue  of  £100,000  applied  to  soient^e 
putposes. 

Mr«  HuKt  observed  that  there  were  other  poiiits  for  discussion  besides 
tiioee  referred  to  in  his  paper,  whidi  was  intended  to  merely  introduce 
the  subject  He  had  suggested  to  the  council  that  ^e  subject  should  be 
brought  before  the  Institution,  and  he  had  been  requested  to  throw 
together  a  few  remarks  by  way  of  introductioiii 

The  PBBsmisQBiT  said  there  were  a  certain  number  of  definite  points  to 
be  considered  in  reference  to  the  subject^  and  he  thought  the  best  way  of 
disoossiBg  ihese  was  to  conader  in  succeSsbn  the  six  heads  into  which  the 
subjeet  was  divided  by  the  Manchester  Association.  The  first  point  was 
regarding  the  fees  levied.  Now  i&  would  require  consideration  whether^ 
as  a  matter  of  principle,  it  was  right  that  a  tax  should  be  levied  by  the 
Government  for  any  process  carried  on  by  them  more  than  was  sufficient 
to  pay  the  expense  attendant  upon  carrying  it  on.  Then  there  were,  of 
course,  eoUatexy  questions  as  to  the  practical  effect  of  the  taxes.  There 
was  next  to  be  considered  the  application  of  the  sutplus  fee9)  whieh 
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involred  the  question  whether  there  ought  to  be  any  mirpliu  at  alL  A 
oonriderable  portion  of  the  patent  reyenue  had  been  applied  in  printing 
the  speeiBcations  of  patents,  and  he  did  not  think  money  expended  in 
that  way  was  thrown  away.  The  third  point  refeired  to  the  appointment 
of  scientific  commissioners  to  assist  the  present-law  officers  in  considering 
patents  beforehand,  and  this  was  a  question  open  to  a  great  deal  of  dis- 
cussion as  to  how  such  a  plan  would  work.  This  was  the  system  in 
Prussia,  where  it  was  complained  that  there  was  a  body  of  scientific 
oonmiissioners  to  consider  inventions  proposed  to  be  patented,  who  were 
so  thoroughly  acquainted  with  eyery  subject  that  nothing  seemed  new  to 
them ;  and  the  result  was  that  if  they  found  any  invention  subnoitted  to 
them  to  bear  a  resemblance  to  Something  they  had  met  with,  perhaps  in 
the  comer  of  some  old  book,  they  would  pronounce  that  invention  not 
new.  As  to  the  appointment  of  a  special  court,  consisting  of  persons 
acquainted  with  the  subjects  brought  before  them,  for  the  consideration 
of  patent  questions — ^he  thought  that  every  one  who  saw  how  ordinary 
juries  treated  such  cases,  must  admit  that  their  decisions  had  generally 
very  littie  accordance  with  the  true  merits  of  the  question  before  them. 
This  point  should  therefore  be  fully  considered.  With  respect  to  tiie 
proposal  that  a  penalty  should  be  infiicted  upon  persons  using  the  word 
^'patent**  upon  articles  not  patented,  he  thought  there  could  be  very  little 
objection  to  it,  for,  in  point  of  &ct,  such  a  penalty  was  against  an  act 
of  fraud  and  falsehood.  The  next  point  had  reference  to  the  patenting 
of  British  inventions  in  colonies,  which  was  a  subject  beset  witii  great 
difficulties;  for  many  had  legislatores  of  their  own,  and  it  would  be 
impossible  to  adopt  any  measure  on  the  subject  without  acting  in  con- 
cert with  them,  which  would  require  something  like  a  treaty.  But  if 
it  was  worth  while  to  take  such  a  course,  no  doubt  it  would  be  followed. 
He  then  came  to  Mr.  Hunt's  proposal  for  improving  the  existing  state  of 
things,  especially  as  regarded  the  system  of  provisional  protection — which 
required  every  one  to  make  and  incur  the  expense  of  an  application 
for  a  patent  before  he  could  ascertain  the  feasibility  or  commercial  value 
of  his  invention.  The  proposal  was  to  give  him  a  sort  of  protection, 
without  the  necessity  of  applying  for  a  patent  in  the  first  instance.  Aa 
matters  stood  at  present  the  grant  of  a  patent  was  not  for  making  an  inven- 
tion, but  for  publishing  it.  There  seemed  to  be  good  reason  for  believing 
that  Mr.  Hunt's  proposal  would  prevent  inventors  running  into  needless 
expense,  and  diminish  the  number  of  patents  on  the  list.  It  appeared  that 
at  present  upwards  of  1000  patents  a  year,  out  of  8000  applications,  were 
not  proceeded  with,  the  expense  attending  these  1000  having,  therefore, 
been  uselessly  incurred ;  whilst,  xmder  Mr.  Hunt's  proposal,  the  inventors 
would  have  made  experiments  on  their  inventions,  and,  finding  them 
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useless,  would  not  hare  applied  for  patents,  and  would  therefore  baye 
saved  such  unprofitable  expense.  This  observation  would  apply  also  to 
sereral  cases,  in  which  inventors  having  gone  to  a  certain  expense  without 
any  good  result,  were  induced  to  spend  more  money  in  the  hope  of 
perfecting  their  inventions.*  It  was  a  question  whether  calling  for  fresh 
payments  at  the  end  of  the  third  year  was  not  too  soon,  and  did  not 
occasion  the  lapsing,  at  the  third  year,  of  five-sisths  of  the  number  of 
patents  applied  for;  for  it  was  well  known  that  even  the  very  best 
inventions  did  not  begin  t^  pay  often  until  the  end  of  six  or  seven  years. 
Watt's  invention  was  unproductive  for  the  first  seven  years,  and  nothing  like 
an  adequate  profit  was  derived  from  it  until  very  long  after  that  period. 
He  was  therefore  of  opinion,  that  the  time  for  the  first  additional  pay- 
ment should  be  fixed  at  the  seventh  instead  of  the  third  year  after  the 
granting  of  the  patent.  Without  attempting  to  lay  down  any  definite 
principle  upon  all  the  doubtful  points  which  the  subject  involved,  he  had 
only  endeavoured  to  show  what  some  of  the  principal  questions  were ; 
and,  considering  the  vast  number  of  persons  holding  patents  in  Glasgow, 
or  who  were  in  some  respect  interested  in  the  patent  laws,  he  thought  it 
desirable  that  the  subject  should  as  soon  as  possible  be  very  fully  gone 
into.  The  Manchester  people  would  probably  put  forward  a  measure 
of  their  own  upon  the  subject,  and  as  Parliament  was  occupied  with  very 
important  public  business  it  was  quite  possible  that  such  a  measure  would 
be  gone  through  in  a  hurried  manner,  and  passed  without  much  con- 
nderation.  It  was  therefore  desirable  that  the  Engineers  of  Scotland 
should  give  their  anxious  attention  to  the  subject,  and  see  how  far  the 
alterations  recommended  in  Manchester  were  desirable,  or  what  other 
alterations  could  be  substituted  for  or  added  to  them. 

Mr.  B.  More  moved  that  it  be  remitted  to  the  council  to  consider  tiie 
propriety  of  calling  a  special  meeting  to  consider  the  subject  of  patent- 
law  reform. 

Mr.  N.  BoBSOK  seconded  the  motion. 

Mr.  W.  Neilsok  suggested  that  the  public  be  invited  to  attend  the 
meeting  which  the  council  should  appoint — ^and  the  motion,  embodying 
this  suggestion,  was  unanimously  carried. 

A  vote  of  thanks  was  then  passed  to  Mr.  Hunt  for  his  paper. 


The  following  paper  was  then  read :~ 


*  See  foot  note  at  page  102. 
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On  au  Effect  of  a  ThM  OyUnder  Ai  (ft^  <*  Ctyd^"*  Scfmc  Eii§m^. 
By  Mr.  J.  G.  LiAWBUe. 

Wmof  two  engines  irork  in  connection  Whh  th«  cmAb  at  n^hft  ma^im, 
ta  in  marine  machinery  and  in  locomotdvea,  seyeral  causes  combine  to 
ptodnce  irregularity  in  the  speed  of  the  crdnk  shafti  Of  these  tlie  two 
most  important  are  the  tinbalanced  weight  of  piston%  piston  rodsy  eon- 
necting  rods,  &c,  and  the  yarying  amount  of  Mdtion  on  the  jofsmals  of 
the  shaft. 

To  follow  the  opetation  of  these  catises  of  itregolarifcy,  let  In  tiie  is- 
nezed  diagram  A  represent  the  crank  shaft  of  an  ordinary  iiiyerted  eerew 
engine ;  a  B,  A  C,  the  two  cranks  at  right  angles ;  D  B,  f  G,  horizontal  and 
vertical  lines  respectively ;  and  6 1>,  B  f*,  f  ^  b  e,  four  equal  parts  iato 
which  the  entire  revolution  of  the  shaft  id  divided. 

The  disturbance  in  the  speed  of  the  crank  shaft,  due  to  the  unbalaaoed 
weight  of  the  pistons,  piston  rods,  connecting  rods^  &a,  varies  in  difSesrent 
parts  of  the  revolution.  In  the  part  represented  by  the  crank,  a  c,  pass- 
ing over  G  D,  the  speed  is  retarded  by  the  total  Weight  of  the  unbalanced 
parts  of  both  engines;  in  the  part,  n  F,  the  cranks  being  en  different  aides 
of  the  vertical  line,  the  effect  is  varied  from  tetardation  at  D  to  aeoelerar 
tion  at  f;  in  the  part,  F  b,  the  effect  is  an  acceleration  6f  speed;  and  in 
B  G  it  is  varied  from  acceleration  at  B  to  retardation  at  G.  Thus,  on  the 
ascending  side  of  the  shaft  the  speed  is  retarded  by  the  unbahiaiced  wdghts^ 
and  on  the  descending  side  it  is  accelerated. 

The  disturbance  due  to  the  friction  of  the  journals  of  the  shaft  is  also 
different  at  different  parts  of  the  revolution.  In  the  part,  G  !>}  as  befcire, 
the  total  pressure  of  the  steam  on  both  pistons  presses  the  shaft  on  the 
upper  side  of  the  bearings ;  in  the  part,  l>  F,  the  cranks  being  en  different 
sides  of  the  vertical  line,  the  shaft  is  in  equilibrio ;  in  the  part,  f  b,  the 
shaft  is  pressed  on  the  under  side  of  the  bearings  with  the  total  pressufe 
of  the  steam  on  both  pistons ;  and  in  B  g  th^  shaft  is  again  in  equlHbno. 
The  friction,  therefore,  is  greatest  when  the  cranks  are  both  on  one  side 
of  the  vertical  line,  and  smallest  when  they  are  on  different  sides. 

The  effect  due  to  the  unbalanced  weights  has  been  mitigated,  both  in 
marine  engines  and  in  locomotives,  by  the  use  of  weighted  discs  instead 
of  cranks ;  but  although  engines  may,  wtile  at  rest,  be  balanced  by  means 
of  weights  attached  to  wheels  or  discs,  it  is  utterly  impossible  to  effect  a 
balance  in  that  way  which  shall  be  correct  when  the  engines  are  in  motion. 
When  the  en^es  are  in  motion  the  momentum  of  the  heavy  side  of  the 
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wdlglited  diBes  in  no  reqiect  meets  07  ooimtonotp  tb^t  of  tbe  imbaliiQced 
Teclprocating  parts ;  and  although  for  moderate  speeds  and  light  machinerji 
a  practicallj  sufficient  l^alance  by  means  of  these  discs  is  attainablei  the 
plan  is  wholly  inefficient  and  inadmissible  in  heayy  machinery  working 
at  high  speeds,  and  wonld  produce  in  such  engines  injury  rather  than 
improYement  To  diminish  the  effect  of  the  friction  due  to  the  pressure 
of  the  shaft  on  the  beajringa,  an  increased  length  of  journal  has  been  used 
in  order  to  lessen  the  pressure  on  each  inch  of  surface,  so  as  to  render 
wmeoessaxy  the  use  of  appliances  to  prevent  heating,  which,  when  ircN- 
quently  res^urted  to,  are  always  injurious  to  the  pennanenoe  of  th^ 
machinery. 

Thus  it  appears,  that  when  two  engines  are  ^ortdng  in  connections  th^ 
speed  of  the  crank  shaft  is  alternately  retarded  and  accelerated  by  ihe 
unbalanced  parts  of  the  engines,  and  that  the  disturbance  due  tQ  thes^ 
weights  is  not  remoTed  by  the  use  of  weighted  discs.  It  also  appears  that 
the  friction  arising  from  the  pressure  of  the  shaft  on  the  journals,  produces 
a  yaried  amount  of  retardation,  as  well  as  an  ii\juiy  to  the  shaft,  which  is 
only  mitigated  by  the  use  of  long  bearings. 

When  three  engines  work  in  oenneetion,  haying  the  cranks  placed  to 
form  equal  angles,  the  unbalanced  parts  of  the  individual  engines  are 
exaotly  balanced  by  the  oombination ;  and  the  amount  of  friction  arising 
fmax  the  pressure  on  the  top  and  bottom  of  U^e  bearings,  is  never  more 
than  that  due  to  ono^thixd  of  the  totail  pressure  of  the  steam  on  the  thre^ 
pistons. 

To  show  this,  let  a  be  the  crank  shaft ;  ▲  b,  a  Q,  ▲  i>9  the  three  oranks, 
fonnuig  equal  angles ;  n  7,  a  H,  horizontal  and  vertical  lines  respectively ; 
and  B  ^  c  K,  D  li  will  represent  the  leverage  of  the  weighta  renting  pn 
the  sefvesal  crank  pins  to  turn  the  shaft,  hs 

Put  the  angle,  b  A  Q  =  d;  then  c  a  H  =s  180"— .(120'*+  6)=  60"^^ ; 
HAi)=120'*  —  (60°-r^d)==60**  +  ^;  alSQ  P  ^=»8in  ^;  CK=5:sin(60° 
— <)5  D  It  as  ain  (60**  +  (),  Put  b  j+oe^i>  1=5  a;  or  fiinif  +  sin 
(60*  -r-  ^)  —sin  (60*  +  ^)  =  a;  which  by  resolntion  fives,  ain  ^(1  -r,  ? 
COS.  60^)  =  a;  but  2  coe.  60**=  l.vasso.  Hence  b  j-f'€iK3=i>  l;  and 
if  w=  weight  of  unbalanced  parts  resting  on  each  crank  pin,  it,  fellows 
that  wXbj-1~wX0  K=:wXi)^i«*'*  The  unbalanced  parts  of  the 
several  engines  are  at  every  part  of  the  revolution  of  the  crank  shaft 
exactly  balanced  in  the  eombinatioiL 

Plainly,  the  orank  shaft  is  preased  on  the  upper  side  of  the  bearings  bj 
the  pressure  due  to  osie  piston  only,  when  two  cranks  are  on  the  a/seend* 
ing  side  of  the  shaft;  and  is  pressed  against  the  lower  side  of  the  bearings 
by  the  same  pressure  whc^  two  cranks  are  on  the  descending  side.  ThBs, 
with  thvee  engine  working  in  oonn^otii^^  iy>  iir^gularity  ia  pawed  ill  the 


112  On  the  Effect  of  a  Third  Cytifukr. 

speed  of  the  shaft  bj  the  unbalaBoed  parts  of  each  eng^e;  and  the  pres- 
sure against  the  bearings  of  the  shaft  at  no  time  exceeds  that  due  to  one- 
third  of  the  total  amount  of  the  steam  pressure  on  the  three  pistons. 

The  superiority  in  these  respects  possessed  by  a  combination  of  three 
engines  over  one  of  two,  is  yery  important,  and,  in  large  machinery 
especially,  places  the  one  arrangement  beyond  all  question  above  the 
other.  A  short  time  ago  the  Taamanian  screw  steamer  was  fitted  by  the 
Messrs.  Inglis  with  three  trunk  engines  having  steam  cylinders  71  inches  in 
diameter ;  and  that  steamer  has  not  only  performed  in  every  respect  in  a 
most  satisfactory  numner,  but  is  one  of  the  fiistest,  if  not  the  very  &stest 
screw  vessel  afloat.  If  the  power  of  these  engines  had  been  exerted  by 
a  combination  of  two  trunk  engines,  the  pressure  on  the  top  and  bottom 
side  of  the  bearings— or  more  correctly,  the  pressure  on  the  shaft  upwards 
and  downwards— would  have  been  150  tons  instead  of  50  tons,  as  in  the 
Tasmanian ;  and  trunk  engines  having  heavier  unbalanced  parts  than 
most  other  forms  of  engines,  the  retardation  and  acceleration  of  the  speed 
of  the  crank  shaft  would  have  been  very  considerable.  For  these  reascms 
ihe  writer  doubts  exceedingly  whether  it  is  possible  to  exert  in  a  satisfiMs- 
tory  manner,  with  two  trunk  engines,  the  amoimt  of  power  which  in  the 
Tasmanian  is  so  effectually  employed  in  three.  Every  engineer  acquainted 
with  screw  engines  is  aware,  that  to  be  free  from  hot  journals,  and  to  have 
no  necessity  for  the  appliances  commonly  used  to  cool  them  when  hot,  is  a 
property  as  rare  as  it  is  valuable ;  and,  manifestly,  to  reduce  the  pressure 
of  the  shaft  on  the  bearings,  in  the  proportion  of  8  to  1,  is  conducive  to 
ihe  attainment  of  a  cool  working  shaft. 

It  may  be  that  screw  machinery  with  three  cylinders  is  more  expensive 
than  with  two;  but,  when  the  power  is  large,  it  appears  impossible  to 
doubt  that  the  arrangement  with  three  cylinders  possesses  a  very  con- 
siderable advantage  in  lessening  the  constunption  of  stores,  in  the  per- 
manence of  the  engines,  and  in  the  speed  of  the  ship. 

In  the  preceding  investigation,  the  angular  position  of  the  connecting 
rod,  and  the  effect  due  to  the  pressure  of  the  shaft  journals  on  a  curved, 
instead  of  a  flat  surface,  are  neglected,  as  they  do  not  materially  affect  the 
matter  under  consideration. 


Note,--Jn  the  fi>regoing  it  has  been  shown  that  a  mechanism,  consisting  of 
three  steam  engines  working  in  combination  with  the  cranks  placed  to  form 
equal  angles,  possesses  the  following  properties : — 1st,  That  the  unbalanced 
parts  of  pistons,  piston  rods,  connecting  rods,  &a,  of  the  several  engines 
exactly  balance  each  other.  2nd,  That  the  force  of  torsion  exerted  upon 
the  shaft  is  exactly  equal  on  the  two  sides ;  that  the  force  exerted  to  pul^ 
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the  one  side  of  the  shaft  upwards,  is  exactly  equal  to  the  force  exerted  to 
push  the  other  side  dovmwards.  But  the  writer  finds  that  these  proper- 
ties are  not  confined  to  a  combination  consisting  of  three  steam-engines ; 
and  that  a  mechanism  consisting  of  anj  number  of  engines  greater  than 
one,  possesses  them  both,  if  the  cranks  are  "placed  to  form  equal  angles. 

To  prove  this  in  general  terms,  let  n  be  the  number  of  steam  engines 
-working  in  combination,  6  the  angle  which  one  of  the  cranks  forms  with 
a  Tertical  line;  and  as  the  sine  of  the  angle  which  each  crank  forfns  with 
the  Tertical  line  represents  the  leverage  of  the  crank,  it  follows  that  the 
sum  of  the  sines  will  be  the  sum  of  the  leverages.  Hence  the  sum  of 
the  leverages 


=s  sm  ^  +  sm^tf-| ^  +  Bin ^tf+2x ^...  +  sm \J-{-\n — IJX ) 

which  put  =3  a ;  and  by  development 

a  =  sm  tf  J  1 +C0S. |-cos.  2  X |-co8. 3  X .+cos.(nr— 1)X  —  L 

(  w  n  u  w  3 
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and  by  reduction,  a  =  sin  ^  (1—1)  +  <^s.  ^  X  o 


a  =  o. 


Hence  the  sum  of  the  sines  on  the  one  side  of  the  perpendicular  line  is 
equal  to  the  sum  of  the  sines  on  the  other  side;  and  therefore,  as  explained 
in  the  text,  the  two  properties  above  stated  are  possessed  by  this  mechanism. 
When  two  engines  only  work  in  combination,  the  cranks  are  placed, 
not  to  form  equal  angles,  but  at  right  angles  to  each  other ;  and  on  that 
account  such  a  combination  does  not  possess  the  properties  of  equal  action* 


Mr.  J.  R.  Napier  thought  it  might  be  desirable  that  the  motion  of  an 
engine  should  be  uniform,  but  he  did  not  know  how  much  it  was  worth. 

p 
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Unless  there  was  a  loss  of  power  from  the  want  of  a  nniform  motaon,  there 
was  no  material  damage  from  it. 

Mr.  Lawris  said  that  in  a  steam  vessel,  unless  the  motion  of  the  engine 
was  uniform,  the  vessel  would  sometimes  outrun  the  machinery,  and  at 
others  the  machinery  outrun  the  vessel. 

Mr.  J.  R  Napier  said,  that  might  be  the  case  in  screw  steamers,  but 
did  not  take  place  in  paddle  steamers.  The  vessel  could  never  outrun  the 
machinery.  He  would  like  to  know  if  there  is  any  loss  from  an  engine 
g^ing  slow  at  one  time  and  fast  at  another. 

The  Pbesidemt  thought  that  it  occasioned  the  great  vibration  which 
was  observed  in  vessels  with  single  cylinders. 

Mr.  J.  R.  Napieb  said  one  might  sometimes  feel  the  vessel  driven 
forward  from  that  cause,  but  he  did  not  know  that  the  want  of  a  uniform 
motion  caused  loss  of  speed. 

Mr.  W.  Neilson  held  that  if  an  engine  went  irregularly,  it  would  some- 
times go  faster  and  sometimes  slower  than  the  vessel,  and  there  certainly 
would  be  a  loss  from  that. 

Mr.  J.  R.  Napier  said  the  engine  could  never  go  slower  than  the 
vessel,  for  the  vessel  could  never  drive  the  engine. 

Mr.  W.  Neilson  said  if  it  did  not  go  slower  than  the  vessel  there 
would  be  a  certain  point  at  which  it  would  exert  no  power,  except  from 
the  momentum  of  the  wheel,  if  the  motion  was  not  uniform. 

Mr.  P.  Stirling  thought  that,  if  it  was  necessary  to  have  a  uniform 
action,  he  supposed  it  would  have  been  before  this  time  adopted  at  the 
great  rowing  matches  at  Oxford  and  Cambridge,  the  rowers  taking  stroke 
at  different  times  instead  of  all  at  once  as  was  the  practice. 

Three  cylinder  locomotives  had  been  tried ;  but  he  thought  the  advan- 
tages derived  from  them  were  not  equivalent  to  the  cost  of  the  additional 
machinery. 

Mr.  D.  More  said  he  found  that  pumps  driven  by  three  cranks  or  five, 
were  more  effective  than  those  driven  by  two  or  four,  or  any  other  even 
number. 

Mr.  Lawrie  said,  that  with  any  number  of  engines  or  pumps  a  balance 
was  obtained,  if  the  circle  was  equally  divided  by  the  cranks,  and  that  a 
uniform  motion  was  necessary  for  an  economical  result ;  because,  at  the 
time  when  the  motion  of  the  vessel  was  above  the  mean,  a  resistance 
proportioned  to  the  square  of  the  increased  speed  was  encountered ;  and 
also  because  one  proportion  of  slip  of  the  propelling  instrument,  whether 
screw  or  paddle,  was  more  economical  than  any  other  proportion  of  slip, 
and,  therefore,  the  speed  could  be  varied  without  loss. 

Mr.  W.  Neilson  thought,  that  in  the  case  referred  to  by  Mr.  More,  the 
valves  might  have  been  the  cause  of  the  improvement  rather  than  the  cranksL 
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The  Pbesidbnt  remarked,  that  in  the  case  of  the  pumps  with  three  or 
five  cranks,  only  one  piston  reversed  its  motion  at  a  time,  whilst  with  an 
even  number  of  cranks  two  pistons  would  be  reversed  together.  Thus, 
with  three  cranks  the  reversals  took  place  at  the  same  periods  as  with 
six  cranks,  and  with  fiive  at  the  same  periods  as  with  ten. 

A  vote  of  thanks  was  passed  to  Mr.  Lawrie  for  his  paper. 


Mr.  David  Mobe  then  exhibited  and  described 

A  Combmed  Engine-Cotmter  and  Clock.    By  Mr.  A.  Mitchell. 

This  apparatus  is  contrived  to  record  the  periods  at  which  each  succes- 
sive thousand,  or  other  convenient  number  of  strokes  of  the  engine,  are 
completed.  It  comprises  a  dock  and  a  counter  which  may  both  be  of 
ordinary  construction — the  former  marking  the  time,  and  the  latter  indi- 
cating the  total  number  of  strokes  made.  In  addition,  the  clock  is  made 
to  draw  or  move  regularly  onwards  a  suitable  surface  to  receive  recording 
marks,  which  are  made  by  the  counter  at  every  thousandth  or  other 
stroke  of  the  engine.  In  the  instrument  shown,  the  clock  was  made  to 
draw  regularly  forward  a  riband  of  paper  marked  with  hour  and  minute 
divisions — this  riband  passing  under  a  pin  which  was  struck  by  a  hammer 
actuated  by  the  counter  at  every  thousandth  stroke  of  the  engine.  Per- 
forations were  thus  made  in  the  paper  riband  at  intervals,  the  space 
between  each  perforation  corresponding  to,  and  indicating  the  time 
occupied  by,  each  thousand  strokes.  In  the  same  way  a  second  pin 
was  contrived  to  perforate  the  paper  riband  at  every  ten-thousandth 
stroke,  so  that  every  tenth  mark  comprised  two  perforations.  In  another 
modification  of  the  instrument,  the  recording  marks  are  made  upon  a  drum, 
either  the  drum  or  the  pin  and  hammer  being  made  to  move  longitu- 
dinally, so  that  the  marks  follow  a  helical  direction.  With  this  arrange- 
ment, the  marks  may  be  continued  several  times  round  the  drum  without 
interfering  with  each  other ;  or  the  marks  might  be  received  on  a  paper 
riband  wound  helically  round  the  drum. 

An  ordinary  engine-counter  merely  shows  the  total  number  of  strokes 
made  between  any  two  periods  of  observation,  from  which  the  average 
rate  for  the  whole  time  can  be  deduced ;  but  gives  no  indication  of  any 
irregularities  that  may  have  occurred.  With  Mr.  MitchelPs  instru- 
ment, however,  it  is  as  though  observations  were  noted  at  the  short 
intervals  occupied  by  each  successive  thousand  or  other  number  of 
strokes ;  and  in  this  way  irregularities  are  prominently  brought  out,  since 
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where  they  occur  the  time  indicated  by  the  space  between  each  mark 
will  be  greater  or  leA  accordingly. 

In  reply  to  an  inquiry  Mr.  Mitchell  stated,  that  the  instrument  would 
cost  from  £12  to  £15. 


The  subject  of 

Indicator  Connections 

was  then  discussed.  A  set  of  such  connections  as  usually  supplied  by 
Mr.  Wm.  M*Naught  were  exhibited.  In  the  course  of  the  discussion  it 
was  laid  down  as  very  desirable,  that  a  uniform  size  of  connection  should 
be  fitted  upon  the  cylinders  of  every  steam-engine,  in  order  that  any 
indicator  might  be  applied  in  any  case  without  loss  of  time. 

A  committee  was  appointed,  consisting  of  Messrs.  H.  R.  Robson,  J.  IngliSf 
and  D.  Rowan,  to  ascertain  and  report  what  size  of  indicator  connecdons 
would  be  the  most  conyenient  for  all  parties,  in  order  that  the  adoption 
of  such  size  might  be  recommended  by  the  Institution.  It  was  suggested 
that  the  size  selected  should  be  one  in  Whitworth's  scale. 


Mr.  J.  M.  RowAV  exhibited  models  of  his  improved  Marine  engines 
and  Boilers. 


Mr.  Walter  Neilson  presented  to  the  Institution,  in  the  name  of 
Messrs.  Ross  &  Beanes  of  Havana,  a  valuable  model  of  the  Plymouth 
Eockj  one  of  the  finest  of  the  American  river  steamers. 

The  Secbetaby  was  directed  to  transmit  to  Messrs.  Ross  &  Beanes  the 
cordial  thanks  of  the  Institution  for  this  donation. 
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The  Eighth  and  Last  Meeting  of  the  Session  was  held  in  the  Philoso- 
phical Society's  Hall  on  Wednesday,  13th  April,  1859,  the  Pkesident  in 
the  chair. 

This  was  the  Annual  General  Meeting  for  the  election  of  office-bearers 
for  the  Third  Session,  1859-60. 


The  following  notes  were  read : — 

On  American  Biver  Steamers,  wth  more  particular  reference  to  the  model 
presented  to  the  Institution.     By  Mr.  Walter  NeuLson. 

(lUugtrated  by  interuting  drawingt  of  several  American  River  Steamers.) 

In  offering  a  few  remarks  on  the  American  river  steamers,  such  as  the 
one  represented  by  the  model  presented  to  our  Institution  at  the  last 
meeting,  the  writer  proposes  to  take  a  general  view  of  the  vessel,  as 
fitted  out  for  the  Hudson  river  traffic.  This  traffic  consists,  for  the 
most  part,  of  passengers,  and  we  therefore  find  the  accommodations  of 
the  vessel  designed  for  theur  comfort  and  convenience.  We  enter  on  the 
main  deck,  and  find  the  steam-engine  in  the  centre  of  the  vessel,  occupy- 
ing a  very  little  space  in  width,  and  leaving  a  wide  passage  on  each  side, 
fore  and  afl,  with  the  paddle-shaft  over-head.  On  this  deck  are  the  book- 
ing office,  baggage  office,  kitchen,  engine-room,  boiler-rooms,  and  other 
departments  appertaining  to  the  conduct  of  the  vessel.  Farther  off  is  the 
ladies*  saloon,  reserved  exclusively  for  the  use  of  the  fair  sex,  to  whom  so 
great  a  preference  is  shown  in  travelling  in  the  United  States.  Ascending 
by  a  wide  flight  of  steps,  we  next  enter  the  principal  saloon,  or  as  it  is 
sometimes  called,  the  State-room  hall.  The  roof  is  some  15  or  20  feet 
high,  and  the  length  extending  fore  and  afb  the  vessel,  with  only  the 
interruption  of  the  narrow  engine-hoase  in  the  centre.  The  floor  of  this 
hall  is  covered  with  the  richest  carpet ;  and  the  furniture — chairs,  sofas, 
couches,  &c. — are  after  the  most  fashionable  drawing-room  models  of 
elegance  and  ease — mostly  in  white  and  gold  woodwork,  to  correspond 
with  the  sides  and  roof.  Suspended  firom  the  roof  are  magnificent  crystal 
gasaliers,  which  at  night  give  the  whole  a  brilliant  and  dazzling  appearance  ; 
whilst  white  marble  tables,  and  pure  iced  water  flowing  from  silver  foun- 
tains, impart  a  refreshing  coolness  to  the  whole.  Around  this  hall,  over- 
head, runs  a  gallery,  with  an  ornamental  balustrade  in  front,  which  gives 
access  to  the  state-rooms,  each  containing  two  beds ;  whilst  there  are  also 
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genendlj  one  or  two  bridal  rooms — ^these  latter  haTing  each  a  handsome 
posted  and  curtained  bed — and  provided  with  basin-stands,  chairs,  and 
rich  carpet,  ail  handsomely  got  up.  The  steamer  New  World,  which 
the  writer  has  more  particularly  in  view  in  this  description,  and  of  which 
a  lithograph  was  exhibited  at  last  meeting,  had  347  of  these  state-rooms, 
containing  in  all  680  berths.  The  gentlemen's  saloon  and  dining-room  is 
under  the  main  deck;  also  the  washing-saloon,  and  hair-dressing  and 
shaving  shop.  The  promenade  deck  is  forward  of  and  abait  the  saloon, 
and  on  the  sides. 

The  engine-room,  entering  from  the  main  deck,  is  dtnated  before  the 
nozzles  of  the  engine,  and  has  placed  in  it  a  comfortable  mahogany  faair- 
stufTed  sofa.  The  engineer  is  very  unlike  our  greasy  shi^t-sleeved  men. 
He  sits  comfortably  on  his  sofa — ^the  stopping  and  starting  of  his  15-feet' 
stroke,  and  76-inches-cylinder  engine,  requiring  little  more  than  the  power 
of  a  child.  As  he  stands  in  front  of  the  nozzles,  and  cannot  see  the  crank 
or  the  beam  overhead,  a  small  pointer  revolves  in  the  engine-room  to 
ihow  the  motion  of  the  crank.  The  boilers,  generally  one  on  each  side, 
are  carried  on  the  wings  or  guards ;  and  opposite  them  are  the  blowen^ 
with  their  engines,  in  separate  rooms.  The  paddle  wheels,  sometimes  as 
large  as  45  feet  in  diameter,  and  12  feet  in  width,  have  their  arms  of 
wood  fixed  into  cast-iron  centres.  The  general  form  of  the  American 
marine  steam-engine  is  familiar  to  all  engineers,  so  that  the  writer  need 
not  now  enter  into  a  minute  description  of  it>,  but  may  simply  draw 
attention  to  its  extraordinary  lightness.*  The  short  skeleton  main  beam, 
the  skeleton  or  trussed  connecting-rod,  and  crank,  all  show  distinctly  the 
desire  to  obtain  the  very  lightest  structure  consistent  with  the  necessary 
strength.  The  whole  bed  or  foundation  of  the  engine  is  formed  generally 
of  white-pine  timber  capped  with  oak,  and  the  gallows  frame  which  sup- 
ports the  working  beam  is  of  yellow  pine,  all  firmly  fixed  with  wood 
knees,  and  securely  bolted  together. 

The  engines  are  worked  at  a  pressure  varying  from  25  lbs.  to  45  lbs. 
per  square  inch;  and  the  system  of  double-beat  or  equilibrium  valves 
used,  brings  the  largest  engine  most  completely  under  the  control  of  the 
engineer.  The  valves  are  lifted  by  ^*  toes,"  as  they  are  named,  or  curved 
levers  on  a  rocking  shaft— the  steam  valves  by  an  eccentric  on  one  side, 
and  the  eduction  valves  by  an  eccentric  on  the  other  side.  The  motion 
given  to  the  valves  by  these  levers  is  very  beautiful— -first  gently  moving 
the  valve,  then  suddenly  Hfling  it,  and  as  suddenly  dropping  it  through  a 
portion  of  its  fall,  then  gently  letting  it  down  to  its  seat^ 


*  Bfr.  Neilson  here  pointed  out  vaiioos  peculiazitieB  of  oonstraction  upon  a  Urgt  dnwing 
<tt  axL  American  Beam  Marine  Engine. 
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The  hull  of  the  vessel  is  a  long  flat  boat,  of  itself  eyidently  insufficient 
in  strength  to  support  the  machinery  and  superstructure ;  but  we  find  an 
immense  girder,  composed  of  frames  fixed  one  in  each  side,  and  bound 
across  to  each  other.  This  gives  strength  to  the  fabric  fore  and  aft, 
whilst  the  great  weight  of  the  boilers  and  paddles  on  the  wings  is  sup- 
ported by  tension-rods  from  the  five  great  masts  or  struts  bearing  on  the 
keel  of  the  vessel.  We  find  the  same  principle  of  truss  or  tie  rod  com- 
bined in  the  strengthening  of  the  vessel,  as  we  observed  in  the  structure 
of  the  engine,  the  great  object  throughout  being  obviously  lightness ;  and 
this  we  notice  most  particularly  in  the  extraordinary  light  material  used 
in  the  construction  of  the  passenger  accomodations  built  on  the  vesseL 

The  river  steamers  on  the  Clyde  and  on  the  American  rivers  cannot 
justly  be  compared  with  each  other.  No  doubt  they  are  both  intended 
to  carry  passengers,  bound  on  business  or  on  pleasure ;  but  here  their 
necessary  simUarity  ends.  The  climate  is  different ;  the  rivers  are  dif- 
ferent; and  the  voyages  are  different.  In  this  country  we  may  be  said 
to  have  no  inland  river  navigation.  Our  steamers,  although  running 
over  a  few  miles  of  protected  waters,  must  be  able  to  face  the  rough 
weather  of  our  estuaries,  where,  indeed,  is  the  principal  part  of  their 
navigation.  It  must  be  admitted,  however,  that  these  circumstances  offer 
no  excuse  for  the  dirty  and  slovenly  manner  in  which  many  of  our  Clyde 
river  steamers  are  kept — a  complaint  too  frequently  heard  from  the  stran- 
gers who  periodically  visit  our  locality,  and  particularly  those  who  have 
witnessed  the  beautiful  and  orderly  manner  in  which  the  floating  palaces 
of  the  American  rivers  are  conducted. 

It  has  been  for  many  years  a  matter  of  surprise  to  the  writer  that  some 
improvement  has  not  been  made  upon  our  river  steamers,  in  order  to  give 
more  comfort  to  the  passengers.  The  hull  of  one  of  our  steamers  forms  a 
sort  of  box  girder,  strengthened  at  the  centre  to  carry  the  machinery.  One 
would  think  a  very  much  lighter  vessel  might  be  built,  by  adopting 
something  of  the  American  system  of  truss  and  tie  binding;  a  considerable 
weight  of  iron  would  be  saved  by  keeping  the  vessel  lo^er,  and  the  deck 
near  the  level  of  the  water,  whilst  a  very  light  cabin  built  on  deck  would 
permit  of  ventilation,  and  allow  the  cabin  passengers  the  much  desired 
privilege  of  seeing  around  theuL  Such  a  vessel  would  not  cost  more 
money  to  build,  would  draw  less  water,  and  be  more  easily  propelled*  It 
might  not  be  considered  saitable  for  a  winter  boat  to  ply  to  the  outposts 
of  our  firth,  but  it  would  be  sufiiciently  safe  for  our  ordinary  sea-coast 
traffic,  and  add  immeasurably  to  the  comfort  of  the  passengers. 

Being  desirous  of  forming  a  comparison  between  this  model  of  the  steamer 
PlymotUh  Bock,  as  an  example  of  American  mould,  and  those  of  our  best 
river  steamers,  the  writer  endeavoured  to  obtain  some  figure  presenting 
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the  type  or  character  of  the  vessel ;  and  following  Peake's  mode  of  curves 
of  vertical  section,  deduced  from  the  foifm  of  the  model  a  curve  in  which 
the  axis  represents  the  length  of  the  vessel,  and  the  ordinates  the  areas  of 
the  immersed  vertical  sections,  at  the  respective  intervals  of  the  length. 
Messrs.  J.  &  G.  Thomson  in  the  most  liberal  manner  gave  the  requisite 
data  from  their  drafl  of  the  steamer  /ono,  and  Messrs.  Tod  &  Macgregor 
in  like  manner  those  of  the  steamer  Spunkie,  A  scale  was  selected  to 
give  the  same  length  as  in  the  figure  of  the  Plymouth  Rocky  and  ordinates 
were  formed,  from  similar  vertical  sections,  giving  curves  for  these  two 
vessels.  In  like  manner  curves  of  horizontal  sections  were  formed,  tbe 
axis  representing  the  depth,  and  the  ordinates  the  areas  of  the  horizontal 
sections  at  the  respective  intervals.  With  these  two  curves,  or,  perhaps, 
with  some  combination  of  them,  a  means  might  be  afforded  of  comparing 
the  types  of  different  vessels,  and  the  writer  would  urge  on  the  members  of 
this  Institution  to  give  what  information  they  may  possess  in  the  ^pe 
of  examples  (whether  successful  or  unsuccessful — ^the  one  being  as  valu- 
able as  the  other),  to  increase  the  number  of  comparisons  and  to  add 
weight  to  the  deductions  from  them.  The  writer  is  indebted  to  Mr.  J.  G. 
Lawrie  for  making  the  requisite  calculations  in  the  case  of  the  three 
steamers  named,  and  he  will  no  doubt  be  glad  to  give  any  one  willing  to 
assist  in  this  matter  any  information  required. 


The  diagram  referred  to  by  Mr.  Neilson  was  exhibited  at  the  meeting, 
and  will  be  published  in  the  Transactions  when  it  can  be  accompanied  by 
the  corresponding  diagrams  of  a  large  number  of  vessels,  so  as  to  render 
the  comparisons  and  deductions  the  more  useful  and  valuable.  It  may, 
however,  be  mentioned  here  that  in  the  diagrams  shown,  the  steamers 
lona  and  Spunkie  appear  to  be  fuller  abaft  the  centre,  and  slightly  leaner 
forward,  than  the  Plymouffi  Rock, 


Descripticn  of  the  American  Steamer  ^^P^/m&uth  RocL" 

Length  on  deck  340  ft.  Breadth  of  beam  40  ft.  Depth  of  hold  12J  ft 
The  vessel  has  a  single  beam  engine  with  cylinder  of  76  inches  diameter 
and  12  feet  stroke.  Diameter  of  wheels  36  feet  10  inches,  with  30  floats 
in  each  wheel,  each  float  being  10  feet  long  and  2  J  feet  wide.  Dip  of  the 
wheel  3  feet  10  inches  when  the  boat  is  loaded,  and  drawing  8  feet  water. 
There  are  two  boilers  of  the  return-flue  kind  38  feet  long,  round  shell 
lOi  feet  diameter,  front  12 J  feet  wide,  steam  dome  8i  feet  high,  2  fur- 
naces in  each  boiler  6  feet  8  inches  and  8  feet  long. 

The  engine  cuts  off  at  half  stroke,  and  bums  If  tons  of  coal  per  hour, 
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with  an  average  pressure  of  25  lbs.  The  boilers  are  placed  on  the  guards 
forward  of  the  wheels. 

The  vessel  has  a  single  deck  extending  over  the  whole  length  and 
guards ;  the  dining  hall  is  below  this  deck,  and  is  about  120  feet  long,  82 
feet  wide,  and  capable  of  seating  200  persons.  There  are  254  sleeping 
berths,  which  extend,  on  both  sides,  the  whole  length  of  the  vessel. 

On  the  main  deck,  abafb  the  engine,  is  the  ladies*  saloon,  with  72  berths, 
and  2  bridal  rooms  with  1  berth  each.  The  promenade  deck  extends  from 
extreme  stem  to  within  60  feet  of  the  bows,  and  has  31  state-rooms  on 
each  side  with  2  berths  each,  besides  a  state-room  hall  some  25  feet  in 
width.  The  whole  number  of  passenger  sleeping  berths  is  452.  The 
vessel  has  a  double  frame  sided  7  inches  each,  and  moulded  at  centre  18 
inches,  at  bilge  10,  at  top  6i  inches,  and  placed  2  feet  from  centre 
to  centre  of  frame.  There  are  7  rows  of  keelsons  extending  the  entire 
length,  of  yellow  pine  timber,  with  yellow  pine  bilge  streaks  and  clamps. 
The  vessel  is  diagonally  strapped  with  iron  the  whole  length,  and  there  is 
a  suspension  frame  in  each  tiide  extending  within  30  feet  of  either  end, 
commencing  from  the  deck  and  rising  18  feet  above  the  deck  in  the  centre 
being  secured  with  posts,  straps,  and  rods  to  the  hull  of  the  vessel.  In 
addition  there  are  also  for  support  five  marts,  fitted  at  equal  distance » 
apart,  with  rods  and  chains  extending  to  the  keelsons  and  guards.  The 
average  speed  of  the  vessel  is  18  miles  per  hoiu:. 

Whole  cost  of  vessel  complete  240,000  dollars. 

For  comparison  particulars  of  three  Hudson  river  steamers  are  added :— 


Length  on  deck, 

Empibe  State. 

Isaac  Newtok. 

New  Woeld. 

304  ft. 

39  ft. 

13  ft. 

8  ft. 

6  ft.  4  in. 
12  ft. 
38  ft. 
10  ft.  3  m. 
30 
3  ft.  6  in. 
18 
25  lbs. 
6  ft. 
4160  square  ft. 
166  square  ft. 

6500  lbs. 

39  ^  lbs. 
1551  tons. 

338  ft. 
40  ft. 
lift. 

5  ft. 

6  ft.  9  in. 
12  ft. 

39  ft. 
12  ft. 
32  double  paddles, 
4ft. 
17 
35  lbs. 
6  ft. 
4540  square  ft. 
161  square  ft. 

8000  lbs. 

6^»,lbfl. 

50  lbs. 
1454  tons. 

371ft.  Overall,380  ft. 
50  ft.       "        85ft. 
lift. 

5  ft.  6  in. 

6  ft.  4  in.    . 
15  ft. 

45  ft. 
12  ft. 

38 
8  ft.  4  in. 
17 
45  lbs. 
8  ft. 

5338  square  ft. 
212  square  ft. 

9000  lbs. 

7  lbs. 

42  Ar  lbs. 
1418  tons. 

347. 

680. 

Breadth  of  beam, 

Depth  of  hold, 

Draft  of  water, 

Diameter  of  cylinder, 

Length  of  stroke, 

Diameter  of  paddle  wheels,.. 

Length  of  paddles, 

Number  in  each  wheel, 

Dip  of  wheel, 

Average  No.  of  revolutions, 
Average  pressure  of  steam,.. 

Cutting  oflF  at 

Whole  amount  of  fire  surface 

grate    " 
Consumption  of  anthracite 
coal  per  hour 

Water  evaporated  by  1  lb  of 
coal, 

Coal  per  hour  to  a  square 
foot  of  grate, 

Tonuage, 

Stote-rooms, 

Berths, 

i2i  Om  Amariem  Bivet  Steamat. 

In  reply  to  a  remark  of  the  Preddexit's,  Mr.  Downie  said,  his  reasoii 
for  bringmg  his  paper  in  reference  to  steam-vessels  before  the  Philosophical 
Society,  rather  than  the  Institution  of  Engineers  in  Scotland,  was,  that  he 
did  not  consider  it  definite  or  practical  enough  in  its  character  for  the 
latter  society;  while,  through  the  medium  of  the  Philosophical  Societj, 
he  was  enabled  to  bring  an  important  subject  under  public  notice,  with  a 
view  to  its  discussion,  and  to  ascertain  the  general  feeling  with  reference 
to  it,  prior  to  entering  upon  the  practical  development  of  his  plans. 

Mr.  NisiLSpN— in  answer  to  a  gentleman  who  doubted  whether  a  steam- 
boat, built  on  the  plan  described  in  his  paper,  would  stand  the  rough 
weather  common  on  the  Clyde-^-said,  that  the  American  river  boats  were 
often  exposed  to  the  waves  and  winds  of  the  Atlantic,  which  they  bore 
without  any  damage. 

Mr.  Neilson  then  explained  the.  construction  and  working  of  Mr. 
Ghaplin*8  steering  apparatus,  several  models  of  which  were  exhibited 
The  improved  steering  apparatus  is  more  particularly  designed  for  flat- 
bottomed  boats  of  light  draught  for  shallow  waters.  The  steering  is 
effected  by  means  of  vertical  plates  disposed  obliquely  at  either  end,  or  at 
both  ends,  of  the  vessel,  in  the  manner  shown  in  figs.  6  and  7,  Plate  Viil| 
which  are  respectively  an  elevation  and  a  plan  of  the  stem  of  a  boat 
fitted  with  the  plates.  There  are  two  steering  plates.  A,  one  on  each 
side  of  the  vessel ;  and  they  work  in  vertical  casings,  the  positions  of  which 
are  indicated  by  dotted  lines  at  B  in  the  plan,  fig.  7.  Each  plate.  A,  turns 
on  a  joint  at  its  front  end,  and,  when  not  required  to  turn  the  vessel  to 
the  side  it  is  on,  is  drawn  up  within  its  casing.  Independently  of  their 
peculiar  suitableness  for  flat-bottomed  boats,  these  plates  have  a  greater 
control,  and  act  more  quickly,  than  the  ordinary  rudder,  from  their  being 
placed  on  each  side  of  the  centre  line  of  the  vessel  A  pair  of  the  plates 
at  one  end  is  sufficient  for  ordinary  requirements,  whilst  for  intricate 
navigation  a  pair  at  each  end  may  be  used,  to  be  actuated  either  simul- 
taneously or  separately. 


Mr.  DowinB  asked,  at  what  angle  the  steering  plates  were  set,  and 
whether  it  had  ever  been  practically  tried ;  and,  if  so,  with  what  result 

Mr.  Chaplin  said  that,  whilst  various  angles  might  be  adopted,  he 
preferred  that  of  87°  from  the  line  of  the  keel  The  plates  had  been 
successfiilly  tried.  He  understood  that  seventeen  boats  were  being  or 
about  to  be  built  in  England  with  steering  plates  on  the  same  plan  as  that 
described,  being  chiefly  for  the  Government.  On  trying  the  steering 
plates  in  a  small  boat,  it  was  found  that  when  plates  were  acting  on  the 
same  side  at  both  ends,  the  boat  turned  roimd  on  a  radius  equal  to  its 
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length.  Another  modification  had  been  applied  to  a  YeSBel  bnUt  by  his 
firm  and  sent  to  Java,  consisting  of  a  simple  conical  shell  oscillating  on 
an  axis,  a  piece  being  cut  out  of  the  cone,  and  one  side  or  other  being 
made  to  project  as  required ;  but  this  was  onlj  suitable  for  small  yessels, 
where  the  apparatus  was  not  to  project  through  the  decL  The  yessels 
which  he  mentioned  as  in  course  of  building  were  to  draw  2  feet  water, 
to  carry  lOOO  men,  and  coals  for  a  voyage  of  60  miles.  They  were  220 
to  240  feet  long,  and  35  to  40  feet  beam,  and  almost  perfectly  flat.  They 
ware,  he  understood,  intended  for  the  navigation  of  the  Ganges  and  other 
rivers  of  India.  The  steering  apparatus  was  adapted  as  well  for  deep  sea 
vessels  as  for  those  of  shallow  draught:  and  for  screw  vessels  it  was 
peculiarly  fitted;  for  the  screw  could  be  placed  between  the  plates.  In 
the  event  of  any  injury  being  sustained  by  one  of  the  plates,  it  could  be 
hoisted  on  deck  without  trouble,  and  repaired. 

Mr.  DowNiE  said  it  appeared  to  be  generally  thought  that  there  was 
considerable  top  weight  in  vessels  constructed  on  the  American  plan. 
He,  however,  thought  otherwise ;  the  centre  of  gravity  was  really  lower 
than  in  our  own  river  boats,  because  of  the  comparatively  lower  position 
of  the  main  deck. 

Mr.  Neilsok  said  there  could  be  no  objection  to  the  American  con- 
struction on  the  ground  of  the  position  of  the  centre  of  gravity  of  the 
vessel  itself,  but  there  was,  on  account  of  the  double  tier  of  passengers, 
the  weight  of  whom,  if  they  were  on  one  side,  might  cause  the  vessel  to 
overbalance. 

Mr.  DowNiB  observed  that  the  double  tier  was  so  arranged  that  one  of 
the  flats  or  decks  was  a  good  way  below  the  water  level,  and  there  was 
little  danger  of  the  passengers  above  running  to  one  side,  as  the  arrange- 
ment of  the  upper  deck  prevented  them. 

Mr.  D.  MoBE  said  that  the  diagrams  of  the  ships*  lines  exhibited  by 
Mr.  Neilson  showed  the  fault  committed  by  Clyde  shipbuilders,  in  making 
the  river  steamers  too  full  aft,  which  they  did  in  order  to  give  plenty  of 
room  for  passengers.  If  this  were  avoided  there  was  no  doubt  that  greater 
speed  would  be  obtained. 

Mr.  D.  BowAN  did  not  consider  that  the  lines  exhibited  by  Mr.  Neilson 
were  sufficient  data  to  found  any  definite  conclusion  upon,  for  he  thought 
the  draught  and  other  details  should  also  be  taken  into  consideration. 

The  Pbesident  said  he  did  not  think  the  greater  fullness  aft  than 
forward,  to  which  Mr.  More  referred,  was  given  so  much  for  passenger 
accommodation  as  from  its  being  considered  the  best  figure  to  adopt:  it 
was  a  characteristic  of  the  figure  adopted  by  Mr.  Scott  Russell.  He 
doubted,  however,  whether  the  principle  was  correct,  and  the  American 
model  was  an  instance  of  a  contrary  character. 
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Mr.  D.  Rowan  remarked  that  it  was  often  difficult  to  get  the  Clyde 
steamers  alongside  the  piers,  from  the  wind  catching  them  and  drifting 
them  off. 

Mr.  Chaplin  said  that  if  his  steering  phttes  were  projected  one  at  each 
end  of  the  vessel  on  opposite  sides,  and  so  as  to  be  parallel  to  each  other, 
the  vessel  would  move  in  a  lateral  direction,  and  be  easily  brought 
alongside  of  a  pier. 

Mr.  D.  BowAN  said  that  he  did  not  allude  to  the  difficulty  of  bringing 
alongside  so  much  as  to  that  of  keeping  alongside  imtil  the  mooring  rope 
was  attached  on  shore.  Very  often  if  the  man  on  shore  missed  the  rope  when 
it  was  thrown  to  him,  the  vessel  would  drift  off.  This  happened  to  vessels 
of  3  feet  or  3  feet  6  inches  draught.  In  alluding  to  the  constructing  of 
vessels  of  light  materials,  he  might  mention  that  some  time  ago  the  Messis. 
Caird  &  Co.  of  Greenock  contemplated  building  vessels  entirely  of  steel; 
but  they  were  at  the  time  obliged  to  renounce  the  plan,  because  the 
Board  of  Trade  would  not  sanction  it  at  all,  although  it  was  known  that 
steel  was  doubly  as  strong  as  iron. 

The  Pbesidemt  said  he  hoped  that  the  experiments  which  were  being 
made  by  Messrs.  R.  Napier  &  Sons  on  the  strength  of  iron  and  steel,  would 
throw  some  valuable  light  on  the  subject. 

Mr.  D.  Smith  thought,  that  if  Mr.  Chaplin's  steering  apparatus  would 
remove  the  difficulty  vessels  had  in  touching  at  piers  and  starting  firom 
them,  it  ought  to  be  generally  adopted. 

Mr.  Chaplin  observed  that  one  great  cause  of  vessels  drifting  off  from 
piers  was  the  running  of  the  passengers  to  one  side,  as  their  weight 
caused  the  vessel's  side  to  strike  the  pier,  and  the  blow  generally  droye 
it  off. 

Mr.  Neilson,  in  reply  to  a  question  as  to  how  the  American  vessels 
touched  and  left  the  piers,  said  he  never  observed  that  there  was  any 
difficulty  attending  their  doing  so. 

A  vote  of  thanks  was  passed  to  Messrs.  Neilson  and  Chaplin. 


Mr.  Neilson  having  taken  the  chair  the  following  paper  was  Uiun 
read — 
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On  a  Method  of  Estimating  the  probable  Evcqforative  Power  of  Fuel  and 
Efficiency  of  Boilers.  By  W.  J.  Macquorn  Raneine,  C.E.,  LL.D., 
F.R.SS.  L.  and  E. 

The  following  formulas  are,  of  course,  not  intended  to  supersede  experi- 
ments and  practical  trials,  nor  to  furnish  results  as  accurate  and  satisfactory 
as  such  experiments  and  trials.  They  have  been  deduced  from  existing 
experimental  data,  and  chiefly  from  those  of  the  recent  experiments  on 
Welsh  and  North  of  England  coal,  of  Mr.  D.  K.  Clark's  experiments  on 
locomotive  boilers,  of  a  few  experiments  by  the  author,  and  of  Messrs. 
Favre  and  Silbermann's  experiments  on  the  total  heat  of  combustion  of 
the  chemical  elements  of  fuel,  in  order  to  furnish  a  convenient  means 
of  estimating  approximately  the  evaporative  power  of  fuel  in  proposed 
boilers,  and  the  comparative  efficiency  of  different  boilers. 

The  formulss  are  framed  on  the  supposition,  that  the  admission  of  air 
and  the  management  of  the  fire  are  such,  that  no  appreciable  loss  occurs, 
either  from  imperfect  combustion  or  from  excess  of  air ;  the  construction 
and  proportions  of  the  furnace,  and  the  mode  of  using  it,  being  the  best 
possible  for  each  kind  of  coal.* 

The  Evaporathe  Power  is  stated  in  pounds  of  water  supplied  and  evapo. 
rated  at  212**  by  each  pound  of  fuel ;  and  when  the  temperature  of  the 
feed-water  and  the  boiling  point  differ  from  212**,  the  actual  evaporation 
is  to  be  reduced  to  the  equivalent  evaporation  Jroni  212**,  by  multiplying 
by  the  following  factor : — 

^      0-8  (Ti  — 212°)  +  (212**—  T,) 
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where  T^  is  the  actual  boiling  point,  and  T,  the  initial  temperature  of  the 
feed-water. 

*  The  loB8  of  heating  power  firom  imperfect  oombiution  of  coal  may  be  roughly  estimated 
as  follows,  when  the  proportion  of  hydrogen  in  its  composition  is  about  5  per  cent: — 
When  the  supply  of  air  is  insufficient  but  the  firing  good,  so 

that  the  whole  or  part  of  the  hydrogen  is  wasted,  bnt 

^one  of  the  carbon, from  20  per  cent  downwards. 

When  the  supply  of  air  is  vciy  insufficient  and  the  firing  bad, 

so  that  more  or  lees  of  the  carbon  is  wasted  along  with 

the  hydrogen, 88  to  60  percent. 


126        On  a  Method  of  Estimating  ihv  Evtg9orative  Power  ofFtteL 

Oeneral  Formula  for  Evqporatioe  Power  E'.* 
(1.)    .     .    .    E'  =  E^. 

Eaplanationa. 

£  denotes  the  theoretical  evaporatiye  power  due  to  the  chemical  com- 
position, and  may  be  thus  calculated — 

Let  C,  H,  and  O,  be  the  fractions  of  one  pound  of  the  fuel,  which  con- 
sist respectively  of  carbon,  hydrogen,  and  oxygen ;  the  remunder  being 
nitrogen,  ash,  and  other  impurities.     Then — 

(2.)    .    .     .    E  =  15|c  +  4-28(h  — ^)|. 

The  following  are  some  of  the  results  of  this  formula — 

E 
Finest  qualities  of  North  of  England  and  Welsh  coal,     15  to  1 6 

Coke,  with  6  per  cent,  of  ash, 14*1 

Coke,  with  12  per  cent  of  ash, 18*2 

Coke,  with  18  per  cent,  of  ash,  ....         12*3 

S  denotes  the  number  of  square  feet  of  total  heating  sur&ce  per  square 
foot  of  grate,  including  the  surface  of  the  feed-water  heater  if  any. 

F  denotes  the  number  of  pounds  of  fuel  burned  per  square  foot  of 
grate  per  hour. 

B  and  A  are  two  constants,  which  have  the  following  values  for  the 
four  following  classes  of  boiler  furnaces  :— 

Class  I. — ^The  conveyance  of  heat  from  the  ilame  to  the    • 
water  taking  place  in  the  best  manner,  either 
by  introducing  the  water  at  the  coolest  part 
of  the  boiler,  and  making  it  travel  gradually 
to  the  hottest,  or  by  heating  the  feed-water 
in  a  set  of  tubes  in  the  uptake — the  draught        B         A 
produced  by  a  chimney,      ....         1         0*5 

n. — ^The  conveyance  of  heat  taking  place  in  the 
ordinary  manner — ^the  draught  produced  by 
a  chimney,         ......        H        0*5 

in.-^Conveyance  of  heat  in  the  best  manner — ^the 

draught  produced  by  a  blast  or  fan,     •        •         1         0'3 
rV. — Conveyance  of  heat  in  the  ordinary  manner — ^the 

draught  produced  by  a  blast  or  fan,     .  it        0*3 

*  The  theoretical  consideratioiui  bj  which  this  formuU  was  suggested,  an  givep  in  a 
work,  now  in  the  press,  *'  On  the  Steam  Engine  and  other  Pxime  Movem.*' 
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The  ^ficmcy  of  ike  hoUer  is  the  &ctor  by  which  E  is  multiplied  in 
formula  1,  viz. : — 

E^_      BS 
E  ""  S  +  A  F' 

E' 
The  following  are  examples  of  efficiency,  =-. 

ill 


s 

For  Class  of  Boilers. 

F 

I. 

n. 

m. 

IV. 

01 

017 

015 

0-25 

0-22 

0-25 

0-83 

0-31 

0-45 

0-48 

05 

0-50 

0-46 

0-62 

0-59 

0-75 

0-60 

0-65 

0-71 

0-68 

10 

0-67 

0-61 

0-77 

0-73 

1-25 

0-71 

0-65 

0-81 

0-77 

1-5 

0-75 

0-69 

0-88 

0-79 

20 

0-80 

0-73 

0-87 

083 

2-5 

0-83 

0-76 

0-89 

0-85 

80 

0-86 

0-79 

0-91 

0-86 

60 

0-92 

0-84 

0-95 

0-90 

9-0 

0-95 

0-87 

0-97 

0-92 

The  ibllowmg  are  particular  cases : — 

L— Hartley  coal,  E  =  15-5.    S  =  -J|^  =  48;   Ps=24;  boUerwith 

feed-water  heater  and  chimney  draught,  or  Class  I.     E^  =  15*5  X  0'8 
=  12-4. 

This  agrees  closely  with  the  results  of  the  experiments  at  Newcastle  on 
fresh  coal,  both  by  the  Newcastle  committee  and  by  the  Admiralty 
reporters. 

755 
n. — Same  cosil,  same  boiler,  without  heater.  Class  XL     S  =  -^  =  85 ; 

F  =  27.    E'  =  15-5  X  0-66  =  10-23. 

This  nearly  agrees  with  an  experiment  made  at  Newcastle  by  the 
Admiralty  reporters,  in  which  the  result  was  10*54. 


in. — Same  coal;  S  =  25;  F  =  25;  no  heater.  Boiler  Class  U. 
E'  =  15*5  X  0*61  =  9*4. 

This  applies  to  many  ordinary  marine  boilers,  and  agrees  with  practical 
experience. 
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IV.— Locomotive  boiler,  Class  rV.  Coke,  E  =  14-1;  S  =  60;  F  =  56. 
E'  =  14-1  X  -74  =  10'43  from  212*.     Equivaleat  evaporation,  from  62** 

at  829^  ^^^  =  8-69. 

The  above  proportions  of  S  and  F  are  computed  from  a  formula  of  Mr. 
D.  EL  Clark  as  being  suitable  to  insure  an  evaporative  power  of  9  frt>m 
62**  at  329".     The  difference  is  only  ^. 

V. — ^Locomotive  boiler,  Class  IV.  (Mean  of  Mr.  Clark's  experiments, 
Nos.  38,  39,  40,  41,  42).  E  =  say  141;  S=83;  F=654.  E' = 
14-1  X  -77=  10-86  from  212'. 

10*86 
Equivalent  evaporation,  from  62*  at  319°,       -fio*  =  ^-^^ 

Mean  result  of  experiments,        .         .         .         .         8*72 

Difference, 0-33 

VI.— Locomotive  boiler,  Class  IV.  (Mean  of  Mr.  Clark's  experiments, 
Nos.  48,  49,  60,  61,  63).  E  =  say  141 ;  S  =  664 ;  F  =  662.  E'  = 
141  X  -76  =  10-72  from  212^ 

10*72 
Equivalent  evaporation,  from  62*  at  329*,      -^~~  =  8*93 

Mean  result  of  experiments,        .  .  8*75 

Difference, 0*18 

Vn. — ^Locomotive  boiler.  Class  IV.  (Mr.  Clark's  experiment,  No.  55, 
mean  of  10  trips).  E  =  say  14-1 ;  S  =  67 ;  F  =  44.  E'  =  141  X  '77 
=  10-86  from  212*. 

10*86 
Equivalent  evaporation  from  62*  at  329*,       -^^  =  9-05 

Result  of  experiments, 9*00 

Difference, 0*05 

VIII.— Locomotive  boiler,  Class  IV.  (Mr.  Clark's  experiment.  No.  61, 
mean  of  8  trips).  E  =  say  14-1 ;  S  =  60 ;  F  =  87.  E'  =  14-1  X  -66 
=  9*3  from  212«. 

Q.Q 

Equivalent  evaporation,  from  62*  at  329*,           =-^  =  7*75 
Result  of  experiments, 7*2 

Difference, 0-56 


On  a  Method  of  Estimating  the  Evaporative  Power  ofFud.        129 

Note, — ^The  only  principle  followed  in  selecting  experiments  from  Mr. 
Clark's  table,  is  that  of  giving  the  preference  to  those  cases  in  which  a  mean 
can  be  obtained  from  the  results  of  a  large  number  of  experiments  under 
similar  or  nearly  similar  circumstances. 

The  general  conclusion  to  be  drawn  from  the  preceding  comparisons  is, 
that  the  formula  agrees  closely  with  the  results  of  experiment  up  to  a  rate 
of  consumption  of  about  60  lb.  per  square  foot  of  grate ;  and  that  above 
that  rate  of  consumption,  although  there  is  still  an  approximate  agree- 
ment, the  results  of  experiment  fall  somewhat  short  of  those  given  by  the 
formula.  It  is  probable,  however,  that  for  those  high  rates  of  consump- 
tion, the  combustion  is  not  so  complete  as  at  lower  rates,  and  that  some 
heat  is  consequently  wasted. 

IX.--Boiler,  Class  11.     E  =  about  15i;  S  =  60,  nearly;  F  =  6*4 

E  =  15i  X  0-87  = .  .        .        13-48 

Result  of  experiment,  13*56 


Difference,  ....         0*08 

The  above  is  the  result  of  an  experiment  of  the  author's. 

X. — ^The  Earl  of  Dundonald's  boiler.  This  boiler  is  considered  as 
belonging  to  Class  L,  because  of  the  feed-water  being  introduced  at  the 
part  where  the  gas  from  the  furnace  is  coolest. 

E  =  about  16  ?  (for  handpicked  liangennech  coal).  S  =  8-35  ;  F  = 
10-17. 

E'  =  16  X  0-87  =         .         .         .         .  13-92 

Mean  result  of  two  experiments  with  the  feed-water  at) 
60,  1214  X  factor  of  evaporation,  1-17,       .  ) 

Difference, 0-28 


A  vote  of  thanks  was  passed  to  Dr.  Rankine  for  his  paper. 
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It  was  announced  that  the  Council  had  thought  it  desirable  to  postpone, 
until  the  commencement  of  the  next  Session,  the  discussion  of  the 

Tabulated  results  of  Experiments  on  the  Comparative  Strength^  ^.,  of  Steel 
and  Wrought  Iron^  by  Messrs.  Robert  Napier  ^  Sans, 

Time  would  thus  be  afforded  to  include  the  results  of  numerous  additional 
experiments,  and  as  the  Tables  would  be  printed  in  the  volume  of  the 
Transactions  for  the  present  Session,  the  Members  would  have  them  in  a 
convenient  form  for  reference  and  examination. 


The  Secretary  announced  the  reception  of  the  following  Works  during 
the  Session  1858-69:— 

**  A  Manual  of  Applied  Mechanics,"  and  "  On  the  Conservation  of  Energy."  Presented  by 
the  Author,  W.  J.  Macquorn  Rankine,  LL.D.,  C.E.,  F.R.SS.L.  &  E.,  &c 

** Steam  Ship  Capability,"  and  "On  Marine-Engine  Construction  and  Classification.*' 
Presented  by  the  Author,  Charles  Atherton,  Mem.  Inst.  C.E.,  Chief  Engineer  Royal 
Dockyard,  Woolwich. 

"  Proceedings  of  the  Institution  of  Mechanical  Engineers"  for  Jannary  28,  April  28.  July 
28,  and  August  24  and  25,  1858.     Presented  by  the  Institution  of  Mechanical  Engineers. 

The  thanks  of  the  Institution  were  voted  for  these  donations 
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The  Tkeasubeb  presented  his  accounts  and  statements  in  accordance 
with  Rule  15 ;  and  Messrs.  Downie  and  Eamsat  were  appointed  Auditors 
in  accordance  with  Kule  17,  to  examine  the  same. 


Abstract  of  Treasuber's  Accounts — Session  1868-59. 


Dr, 
April  14;  1858. 
To  Balance  from  Seaaon  1857—58. 
Gash    in    Union 

Bank, £270     0     0 

Cash  in  TreaBor- 

er'8  hands, 15     9 

270  15     9 

April  13,  1859. 
To  Subscriptions— 
96   Members,   at 

£2  28., 201  12     0 

20  New  Members, 

atjCdds., ....     63     0     0 
1  Associate,  at 

£1  lis.  6cL,..       1  11     6 
8  Gradoates,  at 
£1  Is. 8     8     0 


To  Cash   for  16  copies  of  the 
Transactions,  YoL  I.,  at  5s., ...     4 


Cr. 


April  13,  1859. 
By  Balance  of  Secretary's  Salar}' 

for  Session  1857-58, £22     0     0 

By  payment  to  account  of  Secre- 
tary's    Salary     for     Session 

1858-69, 75     0 

By  fee  to  Officer, 5     0 

By  cost  of  800  copies  of  the 

Transactions,  Vol.  I., 69     2 

By  cost  of  large  box  for  drawings,     1     3 
By  expenses  of  the  Session,  as 
per  vouchers,  viz, — 
Circulars,    Station- 
ery, &c, £9  15     6 

Postage,  Porterage, 

&c, 5     0     0 

Beporter,    payment 

to  account, 2    2     0 

16  17     6 

By  expenses  incorred  on  account 
of  proposed  Boiler  Association, 

as  per  vouchers, 8    5     0 

Balance — 

Cash     in     Union 
Bank,  as  per  pass 

book, 846     0     0 

Cash  in  Treasur- 
er's hands, 5  19     0 

851  19     0 


£549     7     3 


After  their  examination,  the  Auditors  presented  the  following  Report : — 

"  Glascsow,  ISth  Aprilt  1859. — We  have  examined  the  above  statement  and  compared 
it  with  the  cash-book  and  vouchers,  and  find  it  correct,  the  sum  in  the  Union  Bank  being 
Three  hundred  and  forty-six  pounds,  and  In  the  hands  of  the  Treasurer,  Five  pounds  nine- 
teen shillings,  making,  in  all,  the  sum  to  be  carried  to  the  credit  of  the  Institution,  Three 
hundred  and  fifty-one  pounds  nineteen  shillings. 

(Sign«l)  WDo^iB.        \J^„^,_ 

WiLtiAx  Ramsay,  ) 

The  thanks  of  the  meeting  were  voted  to  the  Auditors. 


132  Office-Bearenjor  1859-60. 

The  following  gentlemen  were  dtily  elected  Offioe-Bearen  for  the  Third 
Session  (1859-60)  of  the  Institution,  in  accordance  with  RegulatioDS  24, 
85,  36,  37,  and  38,  which  were  read : — 

PtttidiBfit, 
Walter  Neilson,  Esq. 

Vice-Preddenta, 
William  Tate,  Esq. 
Neil  Robson,  Esq. 
William  Johnstone,  Esq. 

CcfunciUan, 

W.  J.  M.  Rankdte,  Esq.,  LL.D. 
James  R.  Napibb,  Esq. 
James  G.  Lawbis,  Esq. 
David  Y.  Stewabt,  Esq. 
William  Alexander,  Esq. 
John  Elder,  Esq. 
William  S.  Dixon,  Esq. 
David  Rowan,  Esq. 
Patrick  Stirling,  Esq. 
Andrew  MHDnie,  Esq. 

Trtaaurer. 
David  More,  Esq. 

Secretary, 
Edmund  Hunt,  Esq. 


Mr.  Walter  Neilson,  being  in  the  chair,  drew  the  attention  of  the 
meeting  to  the  valuable  services  which  Professor  Rankine  had  rendered 
to  the  Institution  during  the  two  years  for  which  he  nad  held  the  office 
of  its  President.  They  could  not,  he  thought,  separate  on  the  present 
occasion,  without  tendering  him  a  special  and  cordial  vote  of  thanks  for 
his  close  attention  to  the  interests  of  the  Institution.  He  had  given 
them  much  valuable  information ;  and  the  success  attending  their  meet- 
ings was  undoubtedly,  in  a  great  measure,  due  to  the  excellent  manner 
in  which  he  had  conducted  the  proceedings.  They  would  all,  in  this 
instance,  regret  that  the  Rules  of  the  Institution  prevented  his  longer 
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contintLance  in  office  at  the  present  time,  and  that  his  place  must  be 
occupied  by  others  not  nearly  so  well  qualified  to  fill  it. 

Professor  Thomson  cordially  seconded  the  motion,  which  was  unani- 
mously and  enthusiastically  agreed  to. 

Professor  Rankine  said  it  was  most  gratifying  to  him,  at  the  termi- 
nation of  his  tenure  of  office  as  President,  to  receive  so  great  a  testimonial 
of  the  Society's  appreciation  of  his  services.  He  was  sure  that,  under 
their  new  President,  they  would  find  no  falling  off  in  the  manner  in  which 
the  duties  of  chairman  would  be  performed;  but  rather  that  in  Mr. 
Neilson  they  had  a  great  acquisition. 


134      ExperimerUa  on  the  Strength^  ^.,  of  Steel  and  Wrought  Iron. 


Description  of  Eorperiments  on  the  Comparative  Strength,  ^.,  of  Steel  and 
Wrought  Iron,  by  Messrs.  Eobert  Napier  arid  Sons. 

Thk  object  sought  in  instituting  the  series  of  experiments  about  to  be 
described,  was  to  ascertain  the  comparative  strength  of  various  kinds  of 
Steel  and  Wrought  Iron  when  subjected  to  a  tensile  strain,  with  the 
view  of  substituting  Homogeneous  metal  or  Steel  for  Wrought  Iron  in 
the  construction  of  machinery,  boilers,  steam-ships,  &c.  For  this  purpose 
it  was  considered  decidedly  preferable  to  take  the  specimens  that  were 
to  be  tested  from  bars  and  plates,  as  produced  for  the  market,  instead  of 
applying  to  the  various  makers  for  samples,  which  might  or  might  not  be 
superior  to  those  usually  turned  out.  It  is  therefore  to  be  understood 
that  all  the  specimens  tested  were  indiscriminately  collected  from  engineers' 
or  merchants^  stores,  except  those  marked  samples  which  were  obtained 
from  the  makers,  owing  to  their  not  being  found  in  stock  at  the  time ;  in 
some  instances,  however,  specimens  of  the  same  make  were  afterwards 
obtained  from  stores,  and  consequently  both  sets  appear  in  the  accompany- 
ing Tables.  Nothing  was  taken  as  to  the  origin  of  which  the  least  doubt 
existed ;  and,  in  most  cases,  the  plates  and  bars  bore  the  makers'  brands. 
The  trial  specimens  were  severally  cut  from  four  or  more  different  bars  or 
plates  to  obtain  an  average,  whilst  from  each  plate  a  piece  was  cut  offlength' 
ways,  and  another  crossways,  and  correspondingly  marked,  L  and  C.  AQ  the 
trial  specimens  were  duly' registered,  and  when  and  from  whom  received, 
and  were  distinguished  by  numbers  or  marks.  In  many  cases,  the  makers' 
names  or  brands  were  concealed  from  the  experimenter  at  his  own  request, 
until  after  the  specimens  were  tested  and  the  results  communicated  to  the 
parties  from  whom  they  were  obtained ;  such  specimens  being  sent  ready 
for  testing,  with  private  marks  ^r  subsequent  identification.  In  order 
that  the  series  of  experiments  might  be  strictly  comparative,  care  was 
taken  that,  as  far  as  was  possible,  all  the  specimens  should  be  similarly 
prepared,  or  when  otherwise,  the  difference  noted. 

Testing  Apparatus, — The  testing  apparatus  employed  in  the  experiments 
is  fully  delineated  in  Plate  IX. ;  fig.  1,  being  a  longitudinal  sectional  eleva- 
tion of  the  entire  arrangements ;  fig.  2,  a  corresponding  end  elevation ; 
and  figs.  3  to  6,  representing  details  drawn  to  a  larger  scale.  A  large 
cast-iron  base  plate.  A,  resting  on  wooden  sleepers,  b,  forms  a  rigid  foun- 
dation for  the  two  upright  standards,  c,  which  support  the  cross-bar,  </, 


Experments  on  the  Strength,  ^.,  of  Steel  and  Wrought  Iron.      135 

passing  throngh  the  eyebolt,  e,  of  the  large  wrought-iron  steelyard,  f. 
Shackles,  g,  connect  the  steelyard's  eyebolt,  A,  to  the  specimen,  ky  to  be 
tested ;  the  lower  end  of  the  specimen  being  connected  by  the  shackles,  g",  to 
the  adjusting  screw,  ^  which  works  in  a  nut  fastened  to  the  underside  of 
the  foundation-plate,  a.  A  platform,  m,  supports  the  men,  who  apply  the 
weights,  N,  by  separate  hooks  to  chains  hanging  from  the  end  of  the 
steelyard,  p.  An  adjustable  platform,  o,  receives  the  falling  weights, 
whilst  the  block,  p,  sustains  the  steelyard,  when  it  drops  at  the  breaking 
of  the  specimen.  A  rope-sling,  r,  attached  to  the  chain-hook  of  a  derrick 
crane,  is  employed  for  elevating  the  steelyard  into  the  position  indicated 
by  dotted  lines,  at  the  commencement  of  each  experiment ;  the  amount 
of  elevation  var3ringwith  the  specimen  to  be  tested.  Figs.  3  and  4  repre- 
sent the  forms  of  the  plate  specimens ;  the  thinner  plates  tested  having 
side  pieces  riveted  on,  as  shown  in  ^g.  4,  to  give  longer  bearings  to  the 
steel  pins,  whilst  the  plates,  fig.  3,  of  a  thickness  of  four-tenths  and  upwards 
did  not  require  any.  Fig.  5  exhibits  the  form  of  the  bar  specimens  with 
full  details  of  their  receiving  shackles ;  two  different  sets  being  used  to 
suit  the  larger  and  smaller  sizes  tested.  Fig.  6  refers  to  the  screw-bolt- 
and-nut  experiments.  Marks  were  made  with  a  centre-punch  for  receiving 
the  points  of  a  large  pair  of  compasses,  and  used  for  measuring  the  gradual 
elongation  of  the  specimens,  as  the  weights  were  applied  to  the  steelyard, 
as  shown  in  the  various  figures.  In  order  to  ascertain  the  length  of  the 
parts  actually  stretched,  a  number  of  the  specimens  had  the  space  between 
the  punch  marks  divided  into  spaces  of  ^  or  ^  inch,  previous  to  applying 
the  weights.  The  necks  of  the  bolts  were  slightly  tapered,  as  shown  in 
fig.  5,  to  insure  the  fracture  taking  place  somewhere  in  the  central  part 
or  body  of  the  bolt,  instead  of  at  the  neck  or  shoidder ;  the  heads  of  the 
Iron  bolts  were  formed  by  welding  on  rings,  and  those  of  the  Steel  by 
staving  down  the  solid  bar.  Several  attempts  were  made  to  weld  rings  on 
the  latter ;  but,  in  most  instances,  the  rings  failed  at  the  trial,  and  conse- 
quently  other  specimens  had  to  be  substituted.  On  referring  to  the 
accompanying  Tables,  A  and  B,  in  the  description  column  will  be  found 
the  terms,  "  roDed  bars,"  signifjring  that  the  central  portion  or  part  to  be 
drawn  asunder  had  not  been  operated  upon  by  the  smith ;  **  forged,"  that 
they  were  reduced  to  the  given  size  by  the  smith;  and  "  planed,"  that  the 
rolled  bar  had  been  reduced  in  the  planing  machine  to  find  if  its  relative 
strength  was  thereby  affected ;  whilst  other  pieces  are  noted  as  "  turned" 
down  in  the  lathe  for  a  similar  purpose. 

Mode  of  Conducting  the  Eocperiments, — Each  bolt,  with  the  bearing  part 
of  its  heads  turned  true,  was  first  carefully  gauged,  and  the  distance 
between  the  inside  edges  of  the  heads  measured  by  an  accurately-divided 
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ivoty  scale  by  Elliot  of  iJondon,  and  the  same  dnlj  recorded.  The  bolt 
was  then  fastened  in  the  shackles  and  placed  in  position,  the  steelyard 
having  been  raised  to  the  required  elevation  by  means  of  the  crane.  The 
connection  having  been  completed  by  means  of  two  steel  pins,  the  crane 
chain  and  sling  were  lowered  so  as  to  clear  the  steelyard,  and  the  attendants 
applied  the  weights  in  succession,  beginning  with  weights  of  56  lbs.,  and 
gradually  reducing  to  weights  of  28  lbs.,  14  lbs.,  7  lbs.,  4  lbs.,  as  the 
breaking  point  was  approached.  The  descent  of  the  steelyard  was 
observed  by  sighting  it  with  the  brick-work  of  a  neighbouring  wall; 
additional  weights  were'  not  applied  until  the  motion  caused  by  the 
preceding  weights  ceased  to  be  apparent  In  the  hard,  brittle,  and  coarser 
kinds  of  Iron  little  or  no  indication  was  given  of  the  approaching  rapture, 
by  the  gradual  descent  of  the  steelyard;  on  the  contrary,  it  dropped 
suddenly  on  the  breaking  of  the  specimen:  this  remark  also  appHes  to  the 
hard  classes  of  SteeL  In  such  cases  the  lighter  were  repeatedly  changed 
for  heavier  weights,  until  the  limit  of  the  specimen's  tenacity  was  reached. 

Fracture  lUueiraihna—PUUes  X  XL  ^  Z//.— These  Plates  contain  full- 
size  delineations  of  fractured  specimens  selected  as  representatives  of  the 
various  kinds  of  iractures.  In  Plate  X.  are  shown  the  bar  specimens,  the 
hardest  class  of  Steel  tested  being  marked  A;  the  softest  and  most  ductile, 
J ;  the  softest  and  most  ductile  of  the  various  kind^  of  Wrought  Iron 
embraced  in  the  bar  experiments,  K;  and  the  hardest  and  least  ductile,  Z. 
In  Plate  XI.,  specimen.  A,  is  the  hardest,  and  specimen,  H,  the  softest  of 
the  Cast  Steel  rolled  plates;  whilst  specimens  I  to  L  are  Puddled  or 
Wrought  Steel  rolled  plates.  Plate  XII.  contains  the  fractures  of  the 
Wrought  Iron  rolled  plates,  specimen,  M,  being  the  most  ductile  of  the 
fine-fibred  class ;  specimen,  Q,  being  of  the  finely  crystalline  and  fibrous 
class ;  specimen,  T,  of  the  coarsely  crystallized  and  least  ductile  variety ; 
specimens,  U,  V,  and  W,  of  the  coarser  kinds  of  fibrous-laminated  plates ; 
and  specimen,  X,  unlaminated.  The  outside  dotted  lines  indicate  the 
original  sizes  of  the  specimens,  or  the  sizes  previous  to  the  application  of 
the  weights;  the  inner  full  lines  showing  the  reduced  sizes  at  the  fractures 
caused  by  the  sudden  contraction  of  the  bar  when  weights  equivalent  to 
the  tenacity  of  the  specimens  were  applied  to  the  steelyard.  The  per 
centages  of  difference  between  the  original  and  fractured  areas  are  given 
in  the  Plates;  also  the  index  numbers,  to  facilitate  reference  to  the 
accompanying  Tables.  Besides  the  lines  indicating  the  original  and 
fractured  dimensions,  Plate  X.  also  shows  the  stretching  or  the  parallel 
reduction  in  the  diameter  produced  by  the  general  elongation  of  the 
specimen. 
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Method  of  calculating  and  tabulating  the  remits  of  the  Experiments,— The 
particulars  and  results  of  the  various  experiments  are  recorded  in  the 
accompanying  Tables— A,  B,  C,  D,  E.  The  experiments  are  distin- 
guished by  index  numbers  placed  in  the  first  column  of  each  Table,  no 
index  number  being  repeated  in  any  of  the  Tables.  The  specimens 
experimented  upon  consisted  of — 

90  Steel  Bars,  Table  A,  index  numbers,  1  to  90. 
195  Iron  Bars,       "     B,      "  "         101  to  295. 

80  Steel  Plates,    "     C,      "  "         301  to  380. 

150  Iron  Plates,     "     D,      "  "         401  to  550. 

25  Iron  Straps,  &c.,    E,      "  "         601  to  625. 

Making  in  all  540  specimens. 

In  Tables  A,  B,  column  3  records  for  each  experiment  the  total 
weight  on  the  steelyard  at  the  time  it  dropped.  This  is  multiplied  by 
28,  the  leverage  of  steelyard,  and  there  is  added  to  the  product  the 
weight  required  to  counterbalance  the  steelyard,  namely,  9142  lbs.  less 
72  lbs.  weight  of  the  two  upper  shackles  with  their  pins,  or  9070  lbs. 
the  net  weight.  Thus,  for  example,  when  specimen  No.  1,  Table  A, 
broke,  there  were  on  the  steelyard  eleven  56  lb.,  five  28  lb.,  and  two 
14  lb.  weights,  =  784  lbs.,  making,  with  38  lbs.  weight  of  attaching 
hooks  and  chain,  822  lbs.,  entered  in  column  8 ;  and  822  lbs.  X  28 
leverage  of  steelyard  =  23,016  lbs.,  making,  with  9070  lbs.  for  steel- 
yard, 32,086  lbs.,  which,  being  divided  by  the  area  of  the  specimen, 
■2207  (column  2),  gave  145,383  lbs.  (column  4),  as  the  breaking  weight 
of  that  specimen  per  square  inch  of  its  original  sectional  area.  The  bars 
contracting  more  or  less,  according  to  the  quality  or  peculiarities  of  the 
Steel  and  Iron  tested,  as  referred  to  when  describing  the  plates  of  fractures, 
it  was  considered  both  interesting  and  important  to  tabulate  these  effects  ; 
and,  accordingly,  columns  6  and  12  contain,  respectively,  the  sizes  resulting 
from  the  general  stretching  of  the  bolts  and  that  at  the  fractures;  columns 
7  and  13  giving  the  corresponding  areas,  and  columns  8  and  14  the  dif- 
ferences between  these  and  the  original  areas.  The  mean  differences  of  the 
various  lots  are  given  in  columns  9  and  15;  and  in  columns  10  and  16 
the  per  centages  of  the  same ;  whilst  the  results  of  dividing  by  the  stretched 
and  fractured  areas,  instead  of  by  the  original  areas,  are  given  in  columns 
11  and  17. 

The  total  elongation  of  each  specimen  was  found  by  noting  the  length 
(between  the  insides  of  the  heads)  previous  to  submitting  it  to  the  test, 
and  deducting  that  from  the  length,  again  measured  by  placing  the  two 
broken  pieces  as  close  together  as  the  nature  of  the  fracture  would  admit 

s 
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(aUowance  being  made  for.anj  interyening  space).  The  difference  b 
entered  in  column  18  of  the  Tables ;  the  original  length  in  column  20 ; 
the  mean  difference  or  elongation  in  inches  in  column  19 ;  and  the  per 
centage  in  column  21. 

The  characteristics  of  the  fracture  are  attempted  to  be  given  in  columns 
22,  23,  and  24 ;  column  24  referring  to  the  accompanying  illustradons, 
Plates  X.  XL  and  XII.  The  particular  specimen  selected  for  illustration, 
as  the  representatiye  of  its  class,  is  distinguished  in  the  Tables  by  a  heavy 
letter,  as  A ;  the  others  grouped  under  that  class  having  a  lighter  letter, 
as  A.  When  two  letters  are  used,  it  signifies  that  the  specimen  presents 
mixed  characteristics.  Column  22  indicates  whether  the  fracture  is 
wholly  fibrous  or  not ;  in  Table  A,  Steel  bars,  "  100 "  signifies  that  the 
fracture  is  entirely  of  a  fine  granular  semi-lustrous  appearance ;  "  0,"  that 
it  is  wholly  of  a  silky  fibrous  lustre ;  whilst  in  Table  B,  "  0 "  indicates 
that  the  Iron  is  entirely  fibrous ;  and,  '*  100,"  that  it  is  wholly  crystalline, 
of  a  bright  shining  lustre.  Intermediate  numbers  indicate  intermediate 
qualities,  but  only  approximately.  The  general  colour  of  the  Iron  and 
nature  of  its  fibre,  are  given  in  column  23. 

The  results  are  similarly  recorded  in  the  remaining  Tables  C,  D,  and  E, 
relating  to  the  experiments  on  Steel  plates,  Iron  plates,  and  Iron  straps, 
&c.  They  contain,  however,  no  reference  to  the  stretched  dimensions, 
owing  to  the  circumstance  that  these  were  not  so  distinguishable  from 
the  original  and  fractured  sizes,  as  generally  was  the  case  in  the  bar 
specimens. 


Messrs.  Robert  Napier  &  Sons  entrusted  their  Mr.  David  Eirkaldy  with 
the  control  of  these  experiments,  and  are  satisfied  that  in  conducting  them, 
and  in  tabulating  the  results,  every  care  has  been  taken  to  develop  impar- 
tially the  peculiarities  of  the  various  specimens  tested.  The  routine  of 
operations  has  been  adhered  to  as  strictly  as  possible  throughout  the 
entire  series  of  experiments — this,  in  the  conducting  of  comparative 
experiments,  being  of  course  an  indispensable  requisite — and  it  is 
believed  that  the  results  are  as  nearly  correct  as  it  is  possible  in  the 
circumstances  to  have  them. 
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ft  denotes  bftd  finctnre;  r,  sli^tlj  resi; 


— 

NaiiMiofthfl 
Maken  or  Worka. 

i 

OSIOU 
DiainflMr. 

VAL 
Aim 

on 
8t«oijd 

BreaJdivWdsht 
per  .pun  inch 
of  Oxigiiial  Area. 

Index 
No 

1 

w— . 

Asm.  ' 

1. 

8. 

3. 

4.               6. 

6. 

7-    1 

inch 

sq.ta. 

lbs. 

Iba.            lbs. 

fneh. 

ai.iB. 

1 
2 
8 
4 
6 
6 

/ 

T.  TdbTOH  St  SOKB, 
Cast  Steel  for  Tools, 
(from  AeedUn  iron.) 

m                    m 
»                     m 

! 
1 
1 

5 

•63 
•65 
•67 
•69 
•67 
•66 

•2207 
•2376 
•2552 
•2734 
•2552 
•2462 

822 

908 
894 
965 
852 
663 

145.3831 

145,177 

133,628 

132.004 

129,020 

112^242. 

138M9 

St 
•58 

•58 
•56 

-2131 

•23:^ 

■2*2 

7 

8 

Thomas  Jowitt, 
•Cast  Steel  for  Tools. 

'66 

•68 

•2462 
•2642 

980 
1008 

148,2941 
141,159 

-55 

-56 

•2S7S' 
-24B 

9 

:&: 

•67 

•2552 

792 

122,437 

i  132.402 

•56 

^m 

10 

11 
12 
18 

•57 

•2662 

749 

117,719 

137,9791 

133,737 

130,568 

*55 

•as* 

Do.            Do. 
Cast  Steel  for  Chluela. 

1 

•58 
•66 
'68 

•2642 

•2462 
•2642 

978 
652 
906 

■66 
•55 
•67 

1 

i 

-24«Sl 

•2:?7S 

14 

15 
16 
17 

1                                 U 

1 

•68 
•58 

•eo 

•57 

•2842 

•2642 
•2827 
•2552 

906 

821 

868 
720 

180,668 

121.840 
117.757 
114,537 

124r852 

-67 

-56 
■56 

-2SS 

•216a 

^4fiS, 

•31S*  } 

18 

. 

1 
1 

f 
1 

•66 

•S642 

786 

112,831 

■65 

•isre 

19 
20 
21 
22 

Do.             Do. 
Cast  Steel  for  Drifts. 

•57 

•67 
•67 
•67 

•2552 
■2552 
•2552 
■2562 

665 
866 

642 
657 

130,4471 
130,447 
106,960 
96,653. 

m,882 

•68 
•53 
•5S 
•53 

-2124 

■saw 

•2207 

•23)7 

23 
24 
25 
26 

a 

T.  JOWlTT, 

Double  Shear  SteeL 

•66 
•67 
•67 
•67 

•2162 
•2552 
•2552 
•2652 

778 
793 
763 
649 

126,8211 
122,647 
119,265 
106,747. 

U8.468 

•54 
•85 
•56 

-2S90 

•ffi?j' 
•2376' 
-SS76: 

27 
28 
29 
3U 
Si 
32 
33 
34 

Bebskmf.k  Sheffield,     f 

-      i 

tf                        w 

m                     If 

1 
1 

•76 
•66 
•74 
•74 
•74 
•73 
•74 
•78 

•4417 
•3318 

•4:300 

•4:^00 
■4300 
•4184 
•4300 
•4184 

1619 
1077 
1420 
1390 
1347 
1276 
1804 
1219 

123,1651 

118,2*21 

113,.VJ6 

111,«»5 

108.8Li5 

107,070 

106,004 

103,256 

11L460 

-72 
•f»4 
-73 
•73 
•70 
•72 
•72 
•72 

■4tin' 

•3216' 
•41S4 
•41M 

•4i*71. 
•4tfTl' 
■4071. 

86 
36 
37 

88 

WlLKIKSON    © 

lilister  Steel. 

n                      n 

S3 

•67 

•68 

•eo 

•68 

•2662 
•2W2 

•2ftJ7 
•2642 

785 

736 
678 
621 

116.1831 
112,226 
99,-236 
80,546  j 

104.298 

•65 
•54 

•67 
•57 

-2376! 
■23^v 

-2554 
•25ui 

1 

89 
40 
41 
42 

T.  JoWlTT, 

Cast  Steel  for  Taps. 

1 

•67 
•69 
•67 
•67 

•2552 
••J734 
-^552 
•2662 

685 
713 
621 
442 

110,6971 
106,196 
10a675 
84,036j 

10U61 

■65 
•56 
•65 
•54 

2376 

•237til 
-2376- 
•229U, 

43 
44 

45 
46 

Mobs  ft  Gambles,       g 
Cast  Steel  for  Rivets.  "S, 

i 

Rolled 

bars  f  in. 

roand. 

•75 
•75 
•76 
•76 

•4417 
•4417 
•4417 
•4417 

1518 
1890 
1291 
1276 

116,7681 
108,649 
10-2.309 
101,422, 

107,286 

-71 
•71 
•72 
•72 

■swe 

•4071 

-4on 

47 

4'.> 
50 

V 

NAyi.OB»  Vl^KKR^  &  Co., 
Cast  Steel  for  Kivets. 

Rolled 

bars  f  in. 

round. 

•75 
•75 
74 
•75 

•4417 
•4417 
•4300 
•4417 

1447 
1419 
1247 
1276 

112,2621 
110.4SB 
10-2,-203 
101,421  J 

106,61A 

-78 

•71 
•70 
•72 

•4on 

•3956, 
•Sb4d' 
•40711 

1 

JTEELBARS. 

jryrca^  except  thoise  marked  Samples,  which  were  rooelred  from  the  Makers. 
size  a.t  fracture;  t,  sixe  at  smallest  part. 
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rHm^encbtw^    B«.kta«; 

FaACTUBBD      | 

DiffdtnMlMtwMii 

BrMkins 
Wi:ht  Mr 

ELOSOA'nOH. 

FBACTUttK. 

OrishMland 

■q  in  of  , 
Stntched 

AfM 

Ori^Aland 

•q  In  or 

ATM. 

Strvtcbod  ATMS. 

DUmetw 

Ana. 

InCOliminXX 

Gnu. 

Kind. 

8.           9. 

la 

11. 

12. 

IS. 

14.       16. 

16. 

17. 

18.    10. 

20. 

21. 

22. 

21 

sq.  in.  sq.ln 

P'Ct 

lbs. 

inch. 

8q.ilL 

sq.  in.  sq.  in. 

fJ-Ct. 

lbs. 

inch.  inch. 

in. 

f^Ct, 

vet. 

•62« 

•8124 

•00831 

•141 

100 

A 

•63 

•2207 

-0169 

18 

100 

A 

4-7 

139J24 

•55 

•68 

•2376 
•8642 

•0178 
•0092 

•0116 

47 

139,124 

•18 
•14 

•14 

2'6 

54 

100 
100 

A 

-Ol7t> 

•65 

•2376 

•0176 

•16 

100 

-oocio. 

•66 

3463 

•0000, 

osj 

100 

A 

-0062"! 

•63 

•2207 

•02561 

-.«      1 

100 

A 

-OlfaO 

•67 

•2582 

•0090 

08 

100 

A 

•009O      OISS 

51 

189>616 

{■s; 

•2290 
•2207 

•0262 
•0S46 

•0»8 

12^8 

mwr 

•18 

•14|2^7| 

52 

100 

C 

-0176 

{■^ 

•2184 
•1963 

■0428 
■0689 

■80 

100    1 

C 

•01S01 

•53 

•2376 

•02661 

-.51          1 

100 

A 

1>l\M> 

•60 

•1963 

•0490 

•14 

100 

\ 

UilOO 

•65 

•8876 

0266 

•11 

100 

A 

j009O 

f-60/ 

t'67» 

•66 

•8658 

•0090 

•12 

100 

C 
A 

'■0180 

•OBIO 

80 

180^97 

•2376 

•0286 

0M7 

170 

liM).243 

•18 

•17 

2-4 

71 

100 

-0365 

•63 

•2207 

•0620 

•16 

100 

/^ 

^Mjes 

•49 

•1885 

0667 

•32 

100 

A 

•0266 

{^ 

•2124 
•1809 

•0518 
•0638. 

•16 

100 

c 

•042S1 

•60 

•1963 

•05801 

•301 

100 

A 

148 

136»S83 

■80 

••2207 
•1963 

•0345 

•0589 

•0M8 

Sl-5 

147^70 

•85 
«5 

•" 

2-4 

13  8 

100    1 
100 

A 
A 

•49 

•1885 

•0667, 

•38 

10 

1 

-017«1 

•62 

•2184 

•08381 

•381 

100 

A 

^'■^*^'2     -0196 
•U176     ^"^ 

7-8 

128^80 

62 
•64 

•2134 
•2290 

•0428 
•0262 

•Ot87 

19-6 

147,896 

•30  1 

•88 

•85 

2-6 

13-5 

100 
100 

A 

A 

-0176  J 

^46 

•1690 

•0962, 

•86j 

90 

AI 

•03461 

•72» 

^071 

■03461 

•401 

lOOr 

BC 

,  -<il(«2 

64« 

■8216 

•0108 

•16' 

100 

BC 

!  uiie 

•59 

•2784 

•1566 

•53 

90 

BI 

'0116 
-0452 

•0198 

48 

116,933 

•65 
•66 

.3318 
•8318 

•0982 
•0982 

<»» 

22*3 

148,827 

•42 

•47 

•87 

6-8 

5-5 

90 
100 

P 

i 

•0113 

•72 

•4071 

•0118 

•12 

100 

•02529 

•62 

•3019 

•1281 

•36 

90 

F 

•0113  J 

•68 

•2184 

•8060 

■48  J 

60 

BI 

•01761 

•65 

•2376 

•01761 

•27 

lOOr 

A 

I  •*;3.-.2 
•tr275 

•QIS8 

8-4 

118,649 

•63 
•63 

■2207 
•2207 

•0486 
•0C20 

•0871 

21-4 

132.472 

•26 
•24 

•89 

80 

97 

lOOr 
lOOr 

A 

A 

•0090. 

•46 

•1690 

■1068 

•40 

90r 

AI 

•0176 

•48 

•1809 

•0743 

•241 

100 

A 

'0358    .M^o 
•<I176     ''"** 

9^4 

llt712 

•47 
•47 

•1736 
•1735 

•0999 
•0817 

W47 

288 

142,070 

•80 
•26 

•28 

2^6 

10-8 

100 
90 

A 
AI 

•0262 

•68 

•2124 

•0428 

•30 

85 

D 

■04501 

•65 

•8818 

•10991 

•80 

90 

P 

•0346  f  "** 

91 

U8^7 

•63 
•60 

•8116 
•2827 

•13«1    .1418 
•1690     ***• 

32^1 

168,013 

•65 
•85 

•84 

0-8 

124 

76 
60 

P 
PI 

•0846  J 

«0 

•2734 

•1683 J 

•88 

0 

1 

•03461 

•60 

•2827 

•16901 

■66 

S 

PI 

•0469 
•0452 

[-0401 

91 

117^9 

•61 
•68 

•2922 
•8019 

:}S!-»«« 

82-8 

168,785 

•48       " 

0-0 

8-7 

90 
96 

PI 
F 

•0346 

J      1 

•68 

•3019 

■1398  J 

1 

«))     1 

90 

P 
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TABLE    A. 


Note.— All  the  pieces  were  taken  pmmisatottslgtnm  En^neers'  or  Merchaots' 

b  denotes  bad  fnctura ;  r,  sligfatly  reot: 


Index 
No. 

1 

i 

NMDMOfthe 

MukMiorWork*. 

DeseriDtloii 

OKionrAL 

Wdgbt 
oa 

IMraqiimfaKb 
oTOilslMlATCa. 

;i 

I 

DtasiMtar. 

ATM 

n».... 

Ana 

1. 

8. 

3. 

4. 

6. 

6. 

7. 

inch 

■q.in. 

lbs. 

lbs. 

lbs. 

iiMdi. 

sq.fe- 

61 
M 

1 

Kbupp,  DuBseldorf, 
Cast  Steel  fur  Bolts. 

m                         u 

Rolled 
round. 

•92 

•98 
■91 
•91 

•6660 
•8808 
•651>I 
16604 

1961 
1982 
1780 
1675 

96,208 
94,888 
90,962 
86/)64 

92,015 

•88 
-»4 

-a* 

•86 

:6MI 
•*rci 
•6674 

66 

66 
87 
68 

Shobtbidob,  Howkll,&  Co. 

H                                 H 

m                     m 

Rolled 

bara 

•/leln. 

for  rivets. 

•66 

•67 
•67 
•66 

•2876 
•2652 
•2a52 
•2462 

621 
636 
464 

399 

99,670 

86,460 
82^18. 

90047 

•58 

•68 

•2194 

•2114 
-2207 

69 
60 
61 
62 

0 

Do.            Do. 

u                        n 

Forged. 

m 
If 

•77 
•75 
•76 
•75 

•4657 

•4418 
•4418 
^18 

1262 

1096 
1084 
1014 

94,762 

90,118 
89,280 
84,794 

8»794 

-71 
•69 

•70 

•n 

•ion 

•S7*» 
•>4H 

•4071 

68 
64 
66 
66 

T.  Jowrrr,  Spring  Bteel. 

m                    H 
n                    n 

Forged 

from  f  In. 

rolled 

bars. 

•66 

•67 
•65 
•66 

•2376 
•2552 
•2876 
•2462 

878 
341 
264 
249 

82,719' 
72,966 
69,284 
66,166^ 

78,529 

•88 

•48 

68 

•2IS4 

Is*© 
■tlti 
■2154 

67 
68 

R.  MusiiBT,  Coleford. 
Received  for  Experiment. 

bolts. 

•62  X  ^62 
•52  X  '6-2 

•2704 
•2704 

412 
391 

76*208 
74,081^ 

75419 

•SO 
•51 

69 
70 
71 
72 
73 
74 

a 

MXBSBY  Co.,  Puddled  Steel. 

1                        u 

m                     w 
m                      u 

»                                 H 

u 

t 

m 
m 

•75 
•76 
•77 
-75 
•76 
•74 

•4417 
■4636 
•4717 
■4417 
•4686 
•4300 

864 
8S8 
866 
790 
818 
706 

76^1 

74,810 

70,684 

70,618 

70,469 

67/)65. 

7L486 

•69 
-70 
-69 

•68 

•3E4* 

•3:i» 

•3t:£l 

76 
76 
77 
78 
79 
80 

Blocuaibm  Paddled  Steel. 

m                    m 
tt                    It 

m                        M 
m                       u 

Rolled 
Urs. 

m 

•76 
•75 

•G2  X  •eo 

•76 
•76 
1-00 

•4417 
•4417 
•8720 
•4417 
•4417 
-7854 

861 
833 
647 
826 
805 
1219 

75,1141 
78,889 
73,080 
72,896 
71,664 
65,006. 

70166 

•TO 
-67 
•68 
•7« 
•TO 
-07 

81 
82 
88 
84 
86 
86 

I 

1 

3 

Do.            Do. 

m                    H 

tt                                H 
«                                 M 

ft                                U 

m                    w 

Forged 
from  slabs. 

•75 
•76 

•76 
•76 
•76 
•77 

•4417 
•4417 
•4417 
•4636 
•4686 
•4657 

804 
804 
788 
790 
762 
884 

71,6011 

71,501 

70,169 

68,761 

67,062 

42,564] 

05*255 

-TO 
-71 
•68 
-78 
-71 
•77 

•a»g 

•3»d 

•aai 

•4(in 

•iiW 

1 

87 
88 
89 
90 

Do.           Do. 

Forged 
from 

rolled 
bars. 

•77 

•77 
•78 
•77 

•4667 
•4667 
•4536 
•4657 

846 
832 
784 
440 

70,8411 
69,600 
65,804 
46,98lJ 

62,769 

1 

•78 
•76 
•78 

•41<4 
441T 

■ion 

5TEEL    BAR  S— (a»»«»«<di) 
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tores,  except  those  marked  SampUs^  which  were  received  from  the  Makers. 
Aixe  at  fracture;  »,  size  at  BmaUest  part. 


Oricfoal  and 
Stntahad  Atom. 


Breaklnirl 
Wght  par 
•q.  ill.  of 
8ti«toh«l 
Arm 


8.         9. 
sq.in.  sq.in. 


0fl381 
1367 
0122 
0630  j 


-0880 


02521 
•0346 
•042S 
•0255 

-05861 
•0«78  I  . 
•O570  f  ' 
-0347  J 

•02621 
•0743  I  ^ 

-f. 1338  J 


2!S}««* 


■0678 

•r>e68 

•0978 
•0785 
CI904 
•OS79 

■06e9 
•0691 
-0367 
•0346 
•0569 
0462 

-0509 
-0459 
•0785 
-0465 
•0578 
■0000 

■0473 
•0240 
•0466 
•0000 


•ouo 


-ons 


•0*78 


•OSN 


la 

vet 
181 


U. 
IbB. 

105,910 


18^ 


104,017 


1^2 102.329 


10-2 


yt 


18-2 


1^9 


106 


64 


864123 
79^5 

87451 

76.699 

72,77«| 
67,022 


VEACrURRO 

Dlmnetar 

Asm. 

18. 

18. 

inch. 

eq-in. 

•71 

•8958 

•76 

•4417 

•88« 

•a»S2 

•03 

•3019 

•46 

•1662 

•46 

■1662 

•46 

•1590 

•42 

•1386 

•68 

2612 

•61 

•2922 

•66 

•8632 

•72» 

•4071 

•62 

•2124 

•46 

•1690 

•50 

•1963 

•47 

•1786 

•40 

•1600 

•85 

•12-26 

•64 

•3216 

•63 

•3632 

•61 

■2922 

•57 

•2552 

•69 

•2784 

•65 

•2876 

•70 

•8848 

•63 

•8019 

•62 

•2704 

•71 

•8958 

•61 

•2922 

•96 

•7088 

•68 

•8638 

•68 

•8632 

•64 

•8216 

•66 

•8421 

•67 

1S628 

•76 

•4417 

•78 

•4184 

•72 

•4071 

•68 

•8682 

•76 

^17 

OrlKlnAluid 
lyKtOTMl  Arau. 


14.        15.        16. 


8q.iiL  sq.in. 
•8847 


•2S81 
•0422 
■8485 


^ct. 
84-0 


■0714 
•0800 
-0962 
•1077 

•20151 
•1496 
•0786 
•0347 

•0252") 
•0962 
•0413 
•0727 


•0811 


36^142,920 


-U61  260 


241 


:}1?J}.12D2  47-8 


•i2on 

-0904^ 

•1795 

•1865 

•1802 

•1924 

•06691 

•1368 

•1016 

•0459 

•1495 

■0766  J 

•0786 
•0786 
•1201 
•1116 
•1010 
•OMOJ 

•0473 
•0586 
•0904 
•OS40 


•1688  35-8 


194 


-0S81 


190 


u« 


Rrpiikinsr  li  KLONOATIOX. 

W(;htp«r  ,1 

»q  in.  of   1 1  Lonjth  of  part  ttretehod 
*^*J![r*l|  toColamn«. 


17. 
lbs. 


I  18.    10. 
inch.  Ineh. 


139484  ^5ji  110 

1^30 


121.212 


95490 


143.853 


110.451 


84^71 


80,370 


7L231 


*o 

•57 
•76 

•701 
•87 
•63 
•80 

•20 

•77 
•32 
•61 

l^OOl 
©■96/ 

•86 

•66 
•90 
•94 
•92 
•88 

•40 
•87 
•49 
•46 
•75 
•24 

■611 

•46 

•78 

•63 

«7 

•12 


•46 


098 


0-84 


0^58 


0-68 


7-2 


4-0 


6« 


8-6 


6-0 


4-4 


47 


4-4 


81. 

^ct. 

15-3 


137 


11-9 


180 


16-3 


191 


11-3 


120 


91 


^ct. 

10 

85 

100 

Or 


65 

0 
55 

0 

80 

90 
lOOr 
100 

80 
Or 
0 
Or 

0 
0 

Or 
84iT 
0»r 
0 
Or 
Or 

65 
18 

0 

0 

0 

Ur 

Or 

0 

0 

Or 

Orr 

Ofrr 

0 
Or 
50r 
06r 


PI 

P 
C 

I 

FI 

I 
FI 

I 

FI 
PI 
A 

C 

D 
E 


J 
J 

H 

GH 
H 
I 


P 

H 
H 
G 

H 
G 
G 
II 
GH 
G 

Gil 

GH 

G 

G 
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TABLE   B. 


Nora.— AH  fh«  piMM  -vwe  taken  promhmimrif  fltkm  EngliicmV  or  Urt^aa^ 
•  ft  denotes  bftdftmetnre;  r,  sUghtiF  ics: 


Index 
Na 


101 
102 
103 
104 

106 
106 
107 
108 

100 
110 
111 

lis 

113 

114 
116 
IIG 

117 
118 
119 
120 

121 
122 
123 
124 

125 
126 
127 

128 

129 
180 
131 
132 

138 

184 
135 
136 

137 
138 
189 
140 

141 

14  J      « 

143  I  5 

144  '  -3 
•H 

145  " 
146 
147 
148 

149 
150 
151 
162 

153 
164 
155 
156 


Makcn  or  Wotfc^ 


LOW-XOOR. 


Do. 


Do. 


Do.  Do. 


Do.  Da 


Da  Do. 


DOWLIKO. 


Do. 


Do. 


Farmi.kt. 


J.  Bhadlky&Co.  't) 
(Charcoal.) 


Do.    B.a  Scrap.      § 


Do.       SC«> 


Do.  Do. 


U.  H.  TiiOBNKYcitopr  A  Co. 
TNS. 


LoHD  Wabd,  I  <a?  w.a-3. 


Rolled 


KOiiea      1-08  X  1-01   1*04^  |  1930  !02;2961  '-SSX^  -SOET. 

bam  linch  ItW  X  lOl;  10302  .  1904  60,665  I  gut  •omV'^  X  -SB'  -aer 

■quare.     1-03  X  lOl'  ltM03  '  1882  5039f»  f  00,584'  -M  X  "TH  •»&> 

1-08  X  101  1-0403  1876  69,a02j  -SMX-M  7»i6 


1. 
ineh 


Wdsbt  BrnddoffWHi^ 


Stadyd.  of  Orictaal  Ana. 


aq.in.! 


3. 

Ibtf. 


4. 
lbs. 


5. 

Iba. 


i|     inch. 


I    '•■ 


Rolled 

barn  1  inch 

round. 


Rolled 
bari 

for  rivets. 

Planed 
from  1  in. 
■q.  bars. 


Forged 
from  li  ia 
round  bars 


Rolled 

bars 

1  in.  round. 


Turned 
from  1^  in. 
round  bars 


Rolled 

bars  1  in. 

round. 


Rolled 

bars  1  in. 

round. 


Rolled 

bars  1  in. 

round. 


Rolled 
b.ar8  '/4  in. 
for  rivets. 

Rolled 

bars  ''Is  in. 

round. 

Rolled 

bars 

»/i«  In. 

for  rivets. 

Rolled 

bars 

"/l6  in. 

for  rivets. 


1-08  X 

101 

1-0403 

1-00 

•7854 

»• 

»» 

0 

If 

" 

w 

•G9 

•S712 

m 

«f 

» 

If 

" 

m 

•78  X 
•77  X 
•77  X 
•78  X 

•78 
•77 
•77 
•78 

•6084 
•6029 
.5929 

•ait^ 

•77 
•78 
•80 
•77 

•4G57 
•4779 
•502(5 
•4657 

100 

•7854 

n 

»» 

M 

n 

» 

M 

1-00 

•7854 

t* 

» 

If 

M 

H 

" 

1-00 

•7Sot 

- 

m 

n 

•» 

" 

" 

i-oo 

•7854 

H 

m 

t 

It 

" 

" 

1-00 

•7k:4 

H 

n 

n 

It 

tf 

" 

•7r} 

•4117 

w 

w 

•» 

m 

" 

" 

•89 

•C2-'(« 

" 

•• 

" 

m 

•81 

•6153 

M 

M 

m 

H 

" 

» 

•70 

•CS48 

" 

w 

" 

" 

6L796 


1504  65,166 
1433  62.635 
l.'^l  !eO,06B 
lo40  160^20  j 


504  '62,451  ] 

455   58.756  fWiOTO, 

448  I56y2a8j 


-90 

(•fflSS 

•90 

•esfc 

-90 

■«ic 

•90 

•6JgJ 

•C2 

'S19 

-63 

•SI1*J 

•o 

-3115 

^   ; 

-3u;^ 

1019  '61,806^ 

947  !€0.02«t  [cA  OAK  '**  ^  "^  "»»^ 
947  ,60,0-20  f  W,»«  .75  ^  .-5  51^ 
961  ;69,l35j  |!-7a  X  -7*  "ils* 


'4  X  -74  •M76 

72  X  Tt  •5l!>l 


805  167376 

823  67,198 

854  '65.622 

766  164,871 

1519  165,701 

1461  ,0>3,6;34 

1404  61.6()2 

1322  58,678 

1440  '62,885 

1433  '62,635 

1882  60,817 

1347  69,670 

1475  64.1331 

1475  i64,133  ! 

1461  163.634  { 

1349  59,642  J 


1304 
1297 
1276 

r-*47 

1359 
1347 
1340 
1819 


66,892 


62,404 


61,477 


68,0361 

57,787 'jp-o- - 

67,039  f*'^»**6 

56,004  J 


60,998 
69.670 
59;320 

58^71  J 


59,870 


66,715 


62,281 


601  68,632 
694  58.190 
651  55,463 

637  j64,575j 

1089  63,6^4 
1061  62^%4 
1047  161,714 
1037  161,263/ 

790  '60.6281 
776   50,767  k,|9--j 
769  '59,387  (  W'^TB 
733  57,481  J 

647  |63,373"1 
604   60,244 
476   58,207 
462   57,188  j 


59,758 


-n 

•inn 

-71 

-as&i 

•n 

•4>r} 

•74 

•tj.^- 

•« 

^66v. 

-92 

•6ff. 

■92 

•frfPi- 

-do 

•SAi 

«> 

•63i'2 

91 

•GS04 

-92 

•«5.> 

•92 

•6SS, 

-90 

■«Wi 

•91 

•6.y»4 

•90 

■casi 

•90 

•esfif 

"SO 

«ao 

•89 

•fii?' 

-89 

■<Ll-' 

•88 

Tae--' 

•89 

■ei*-^ 

•89 

-&» 

-90 

•CJta 

•90 

•63ra 

•68 

•«K 

« 

•3632 

•«7 

-abx 

66 

•3421 

-81 

-5153 

•81 

•51M 

-82 

•62S1 

•80 

•5026 

•73 

•41S4 

•74 

•431^ 

•74 

•43»*. 

•74 

•43(ii> 

•68 

•sue 

•6S 

•311B , 

•65 

•331S 

•65 

•S31S, 

I  RON    BARS. 
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Stores,  except  those  marked  Samptes,  which  vera  received  from  the  Maken. 
/"  size  at  fracture;  »,  size  at  smallest  part. 


I>ifr«rane«  bMwMn 

Braaklnff 
Wghtpw 
■q  In.  rf 
Stmcbad 
Are» 

yBACTUSSD 

DUfcrmoe  between 

Rre«king 
W;.'ht  per 

XLOMOATIOM. 

FaACTURK. 

Original  and 
BtreicbedAraaa. 

Original  and 

sq  In  of 

Fractured 

Area. 

lnCoIamn20. 

Diameter 

Area. 

C.T-. 

Col 

Kind 

8.           9. 
sq.  in.  sq.  in. 

la 

11. 
lbs. 

12. 

Inch. 

18. 

sq.in. 

14.       15. 

sq.  in.  Bq.  in 

18. 

%»'Ct. 

17. 

IbB. 

18.    19. 

inch.  inch. 

80. 
in. 

21.' 

».. 

88. 

84. 

-13751 
-1275  1  .,444 
-1564  f  **** 

■15©4j. 

18-9 

70,131 

•e9x-69 

•80X-80 
•71  X  -71 
•72  X  72 

•4761 
•6400 
•5041 
•6184 

■66S91 
•8900 
■5859 
•5216. 

•6028 

48-5 

117.147 

2^31 1 
1-80 
1-80 
1-66. 

1-89 

76 

349 

0 

Or 

i 

0 

N 

N 

•14921 
•1492  1  .•4||« 
-14S>2  ''  **" 
•1492J 

19-0 

76,290 

•68 
■70 
•68 
•68 

•8682 
•3848 
■3632 
•8682 

•42221 
■4006 
•4222 
•4222. 

4168 

531 

13t676 

190 
1-86 
1-94 
1^92j 

1-91 

7-2 

'o 

a 

P 
P 

■0596 
•0590 
•0693 

^m 

178 

72^685 

•48 
■46 
•49 
•47 

•1809 
•1662 
•1885 
•1785 

■19081 
•2050 
•  18*27 
•1977. 

•1939 

52-2 

125,775 

1-811 
136 
134 
l-40j 

186 

6^6 

III 
205  ;; 

•a 

s 
1 

O 
() 
O 
0 

^WOSI 
-0745      ^"*® 

•ooooj 

12-6 

68,840 

■65X-65 
53X-63 

•ssx-ss 

■68X-68 

•4225 

•2809 
•2809 
2809 

•18591 
3120 
•3120 
■3275. 

•8848 

47-3 

U4,410 

i^eoi 

162 
1-80 
1^88j 

169 

71 

238 

n 

n 

0 

1 

0 

o 
o 
0 

•06861 

•0821 

•09S5 

-0357 

-0680 

148 

77-383 

•61 
■60 
•68 
•58 

•2922 

•2827 
•2642 
•2642 

•17851 
■1962 
■2384 
■2016J 

•9088 

423 

115,040 

M21 
113 
123 
097. 

111 

66 

202 

0 
0 
0 

1 

0 

o 
o 

0 

•12041 

■1204f  "^ 
•1492  J 

16-2 

74^87 

•80 
■74 
•76 
•66 

•6026 
•4300 
•4417 
•8421 

•28281 

•3437      ^^ 

•443SJ 

453 

114,220 

1-631 

1-80 
l^SO 
1-90. 

176 

7-8 

34  4 

Or 
Or 
0 
0 

0 

o 
o 

0 

•14921 
•1350  !  .„!« 
•1204  \  "** 
•1204  J 

16-7 

73,868 

•73 
•73 
•70 
•70 

•4184 
•4184 
•3848 
•8848 

86701 
•8670 
•4006 
•4006 

•8888 

48*8 

1204329 

1-681 
188 
1-90 
1-60. 

1-74 

67 

260 

0 
0 
0 
0 

0 
0 

o 

0 

•1492] 
•1360 
•1492 
•1492  J 

•1466 

18*6 

774MK) 

•70 
•72 
•69 
■70 

•8848 
•4071 
•8789 
•8848 

•4006' 
•8783 
■4115 
•4006 

■8977 

50-6 

127,425 

1-801 
1-60    1-4 
2-00    "• 
r66j 

68 

25  0 

0 

Or 
0 
Q 

0 

o 
() 

0 

•16341 
-1634    ..gg^ 
•1634      *•** 
•1772, 

218 

72,700 

•62 
^63 
■G2 
•63 

•8019 
•8116 
•3019 
•3116 

■4885^ 
■4788 
•4835 
■4788, 

•4787 

60-9 

146,521 

2O01 
2-00 
1-86 
1«8. 

1-93 

&4 

302 

Or 
Or 
Or 
Or 

f 

h 

b 

L 
L 

•16341 

•1492  f  *^ 
•1492  J 

19-9 

74318 

•70 
•69 
•69 
•69 

•8848 
•8789 
•3789 
•8789 

•40061 

•4115     «"■ 
•4116 

520 

123,805 

2-001 
206 
2-11 
1-90. 

8-08 

76 

266 

Or 
Or 
Or 
Or 

11 

M 

s? 

M 

•0785^ 
•0786 
•0691 
•0996  J 

•0864 

19-6 

70,W3 

•65 
•68 
•66 
•60 

•2376 
-2207 
•2376 
•1968 

2041' 
■2210 
•2041 
■2464 

•8186 

496 

112,336 

1-761 
134 
1-42 
1-60, 

1-63 

6« 

82-5 

0 
0 
0 
0 

s. 

1 

Q 
Q 
Q 
Q 

■1067 
■1067 
0989 
•1194  J 

'iwn 

17-2 

75433 

•70 
•66 
•82 
•66 

•8848 
•8421 
•5281 
•8318 

■2372^ 
•2799 
•0939 
•2902  J 

•2853 

3613 

97^75 

1«01 

}:f6M« 

1-68J 

78 

22  2 

Or 
0 
GO 

,0 

Q 

1 

•09691 
•0668  Ljggjj 

•oessj 

171 

71,540 

•62 
•63 
•62 
•63 

•3019 
•8116 
•8019 
•8116 

•21341 

•2U37l.2(jofi 

•2037. 

40-4 

99,595 

1-831 
1-60 
1-78 
1-54  J 

166 

74 

224 

Or 

0 

0 

t»« 

T 
T 
T 

T 

0732' 
•0732 
•0630 
■0580 

h 

164 

7L621 

•65 

•52 
•55 
•59 

•2876 
■2124 
•2376 
•2784 

•14721 
•1724 
•1472 
•1114 

•1446 

37-6 

95.724 

1-321 

^•^    1 19 
116     * " 

0-92  J 

e^4 

18  6 

Or 
H 

'0 

] 

T 
T 
T 
T 
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TABLE    B. 


MoR.— All  the  ptMM  were  taken  rromaatauilg  flrom  Engineers'  <»r  MextSttsij' 

lb  denotes  bad  fractnre;  r,  slig^tlf  rest; 


In4*x 
No. 


VMMOftte 

MakflnerWorti. 


187 
158 
159 

leo 

161 
162 
163 
164 

165 
166 
167 
168 

169 
170 
171 
172 

178 
174 
175 
176 

177 
178 
179 

180 

181 
182 
183 
184 

185 
186 
187 
188 

189 
190 
191 
192 

198 
194 
195 
196 

197 
106 
199 
200 

201 
202 
203 
204 

205 
206 
207 
206 

209 
210 
211 
212 


,   Got  AH  Ex.  B.  Best 


Do. 


Do. 


OoTAir,Ex.  B.  Best. 


Do. 


Do. 


Do. 


Do. 


Do. 


Do. 


GovAv  B.  Best 


Da 


Do. 


Do. 


Do. 


Do.  Do. 


GovAir         ♦ 


Do.  Do. 


Do.  Do. 


Do.  Do. 


Boiled 

ban  fin. 

iqaare. 


Rolled 

banf  in. 

round. 


Rolled 

ban  \l  in. 
round. 


Rolled 

ban  1  in. 

ronnd. 


Rolled 

ban  I  in. 

round. 


Rolled 

ban  f  in. 

round. 


Rolled 

ban  Ij^  in. 

round. 


Rolled 

barsl  in. 

round. 


Rolled 

bars  I  in. 

round. 


Rolled 

banf  in. 

round. 


Rolled 

bora  li  in. 

round. 


Rolled 

ban  1  in. 

round. 


Rolled 

ban  I  in. 

round. 


Rolled 

ban  f  in. 

round. 


Dtamelw.       Area- 


1. 
incb 


•77  X  "77 


•76 
•76 
•70 
•76 

116 
116 
116 
116 

102 


•90 


•n 


118 
112 
118 
118 

1-01 
101 
1-00 
1-00 

•90 
•90 
•89 
•89 

•77 


116 


1-04 
102 
1-04 
102 

•90 


•77 


Wdghi  Breaktas  Weight 
pcnquar*  ioch 
StwdTdJ  of  Origbial  Aim 


2. 

sq.in. 


•4686 
•4636 
•3848 
•4417 

1'0887 
10568 
1-0387 
1-0387 

«171 


•4667 


1.0029 
0-9852 
1-0029 
1-0029 

•8012 
-8012 
•7854 

•7854 


•6220 


1-0887 


•8498 
•8171 
«498 
•8171 

•6362 


^4867 


8. 

lbs. 


890 


4. 

lbs. 


57;»8 


6. 
lbs. 


890  157,328 
876  56,667 
647  66,297 


623 
462 
664 

1876 
1890 
1833 
1804 

1419 
1419 
1390 
1376 

1019 
1012 
998 


671 
671 
619 


1969 
1875 
1904 
1619 

1676 
1533 
1861 
1361 

1090 
1090 
1019 
1019 


780 
747 
706 

1961 
1933 
1847 
1618 

1619 
1426 
1476 
1361 

1190 
1119 
1104 
1104 

783 
719 
704 


66,655 


69,070 

57,190  f^^'Wl 
65.653. 


69,2761 
68,668  1 
58,135  ( 
57,362J 


69,7261 

58,732  f  W-IOS 

58»252j 


69,104 
68,796 
66,180 
56,695  j 

59320 
69320 
66,694 
63^266^ 

64,676 
",496 
62.201 
64,246 

66363 
64385 
60,069 
60,069. 

62,229 
62,229 
60,453 
60,463 


66.663 
66373 
64390 
61364  j 

61,694 
60,840 
68,621 
62348J 

60,722 
69,966 
69,272 
67,738 


58469 


07.400 


60^79 


69»849 


6]«841 


64706 


69.494 


62i646f^'®56 

62346J 

633471 

S}ew87 

69,493  J 


«.      !    7. 
inch.     ef.m. 

-72  X  '72  -51M 
-72  X  -TS  -alM 
j-7«X-T81-5l!sl 
-r*  X  -7*  -SIS*  . 

■10    I-2S4- 

-TO  '-a*! 
-71    -asot, 

1-06      ^6S9 

1-05    -ssasi 

1-06 


•rur*' 
-96      -ICbb 


*83 

•84 

•84 


-3810 
-Mil 
-5U1 
•hiAl 


•70      -SBIS 


•71 
•71 
•71 

1-04 
1-04 
1-06 
1-10 

•93 
-98 
•90 
•97 


•71 

•79 

•71 

•  -74 

1-05 
1-07 
1-07 
110 

•98 

•96 
■95 
■97 

-84 
•82 
•84 


•70 
•71 
•09 


-3£-te 
•3S&i 

-see 

•S*S5 

•«» 
-cats 


-52S1 

-5SSI' 

-5153,' 

•sasi 


*8Kri' 
-9503. 

-7643  I 
•70^. 
•70eB> 


•6441, 

^2S1 

-54411 

'6674, 

•864BI 
-385t»l 
•3739, 

•4071 
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3torea,  except  those  marked  Samples,  which  were  received  from  the  Makers, 
r  size  at  fracture;  «,  size  at  amaUest  part. 


BmikloiC 
Wg-ht  per: 

PBACTUBEO 

Breaklnir 
Wfcht  per 

KLOXOATIOK. 

VBAC-nTItB. 

Originsland 
FnMstoridAwM. 

■q  in  of 

CMginal  and 

■q  in  of  ■ 

Stretched ; 

Am 

IH£m«ter. 

ArML 

Fmctarcd 
Anta. 

In  Column  30. 

Ciyi 

CoL 
23. 

Kind 
24. 

8.           9. 

la 

11. 

12. 

13. 

14.       15. 

16. 

17. 

18.    19. 

20. 

21. 

sq.  in.  aq.  in- 

^ct. 

lbs. 

inch. 

sq.ln. 

sq.  in.  sq.ln. 

ft-Ct. 

lbs. 

inch.  inch. 

in. 

fJ-Ct. 

p«t. 

-O74o 
•ti745 

•€745 

13-6 

64,797 

•68X-ft8 
!i9  X  i>9 
58X«8 

■3364 
•3481 
•ak>4 

•25651 

•2448  l.^^ 
•2566  f^**** 

42-7 

99,000 

1-521 

1-86 

150 

1-55 

81 

191 

0 
0 
0 

5 

K 
R 

H..745J 

■58  X^ 

•3364 

-2665  J 

1^64. 

0 

1 

■*'^®^  I -0565 
-04o0j 

■58 

•2642 

-18941 

1-821 

0 

1 

S 
8 
S 
S 

180 

66.242 

•58 
•55 

2C42  ^1894  1  .,--« 
•2376   ^1472  f  *'" 

39-6 

96^8 

170 
1^06 

1-42 

8-2 

17-3 

0 
0 

f 

•60 

•2827    1590  J 

110  J         1 

0 

1 

•1728^ 

■I7i8      *"* 

•ISthjJ 

•90 

•6362  -40261 
•6812    4756  ,  -an. 
■6362    ^O-r)  ^""^ 
•6362  -4026] 

1661 

0 

1 

S 
B 
S 

17-4 

70,646 

•88 
•90 

40-3 

97,821 

1-78 
166 

i-m 

70 

238 

0 
0 

•90 

l-56j 

0 

'a 

9 

S 

10831 

•78 

•4779 

•88921 

1-701 

0 

1 

f 

s 

8 

-1083J 

138 

68^40 

•79 
•79 
■80 

•4902 
-4902 
•6020 

■3269  f  ^'^ 
•3145  J 

400 

98.627 

1-40 
138 
1-32, 

1*45 

65 

22-8 

0 
0 
0 

1 
1 

•ia521 

•66 

•3421   -29411 

1161 

0 

S 
8 
S 

160 

68446 

■68 
•69 

•3632    '-'730 
3739  -2623 

11729 

429 

10t863 

1-20 
1-16 

115 

6-0 

192 

0 
0 

•Oir21  J 

•69 

•3739 

-2623, 

108, 

0 

S 

-CI8091 

•60 

•2827 

•18801 

1121 

0 

8 
0 

S 

s 
s 
s 

U-6 

68,018 

•64 
•59 

•3216 
•2734 

•1441 
•19-23 

1779 

380 

92,880 

0-90 
1-02 

0-97 

5-5 

17-6 

•0699] 

•69 

•2734 

•19-23. 

0-82. 

0 

« 

s 

•1534) 

0-95 

•7098 

•29411 

1-481 

72 

1 

u 

s 
s 

•l-»7  ..,199 
•1370     ^^"^ 
■0536, 

120 

69>161 

084 
0-92 

•5441 

•»I50 

•4411     .«.„ 
•3379  f  ^*' 

282 

84,770 

142  f*** 

7-0 

17^ 

8r 
3r 

1 

i-io 

■9503 

•0636  J 

0-36  J 

96 

Y 

•1204] 

•84 

•5441 

•25711 

1-421 

6r 

s 

•1-204 
•149"2 

•1090 

13-7 

73011 

•82 
•75 

•6281 
-4417 

.IJIl   •jm28-9| 

88,660 

1-37 
1-60 

124 

6-5 

191 

0 
0 

9 

•0462] 

•97« 

-7392 

•0462  J 

0-58, 

100 

i 

Y 

-10811 

•68 

-8632 

•27301 

I"??! 

Or 

•3 

S 

u 

s 

-1067  f 

16-6 

73,627 

•72 
•67 

•4071 
•3626 

•2291 
•2694 

•2289  36-4 1 

96442 

1-14 
1-41 

1-20 

6-0 

2ao 

38r 
0 

1 

•0939  J 

-78 

-4779 

1441. 

100. 

20r 

u 

-06991 

•60 

-2827 

•1830] 

100 

2 

■2. 

8 
S 
S 

•Of»86 
-06.  >9 

•06S5 

12-5 

74,246 

•62 
•60 

•3019 
-28-27 

•1638 
•1830 

•1554  33-4 

97.246 

1-12 
117 

0-95 

5-6 

17-3 

4 
0 

1 

•C3a7 

•69 

-3739 

■0918  J 

0-50J 

20 

J 

V 

•17281 

0-98 

•6806 

■3679^ 

1-70^ 

2 

s 

V 

s 

•1395    .1350 

•1S93  1 

180 

67,046 

1-03 
l-OOa 

-8:^33 

-7854 

•20M 
-2633 

•2635  26-3 

78,189 

1-04 
1-30 

117 

7-0 

167 

70 

■osmJ 

101 

•8012 

•2375. 

0-64 , 

Arr 

IT 

•09551 

•96 

•7238 

•1260 

0'74 

1 

100 

•a 

V 

u 

•lf«    .1057 
•1410     *""^ 
-0779  J 

12-6 

68100 

•82 
88 
•90 

5281 
•6082 
-6362 

■2890 
2416 
-1809 

•2094 

26-1 

79,373 

1*60 
124 
0-80 

1" 

0^5 

16-4 

0 

25rr 
10 

•0921" 

•77 

•4667 

-1705 

1-00 

28 

1 

V 

8 

u 

Y 

'^^^    -0903 
•09-21    ^'*^ 

-0688  J 

142 

74,536 

•68 
•77 
•&4 

•8632 
•4657 
•5441 

■2730 
•1705 
■0921 

•1765 

27-7 

88,612 

1-35 
1-OT 
0«0 

KW 

60 

16-8 

1 

10 
100 

1 

•08091 

•60 

•2827 

•18301 

127 

0 
5 
0 

S 

u 

s 

•0699 
•0918 
•068« 

ioTTSS 

161 

78,869 

•61 
•62 

•29-22 

•3019 

•1638     ^^ 

361 

95.819  !j:^ 

1-09 

6-8 

18-8 

1 

•65 

■3318  -1339] 

1 

J0-80J 

1 

8r 

u 

us 


TABLE     B. 


Nan.— An  the  pieees  vere  takn  frcmhemomdg  fron  Easineenr  or  Me 

»4eDotoftbadfr«ctnre;  r,  disfaUr  rasas ; 


MdbnorWeifcib 


I>«KtfpMB1 


1  OB  1  pcraqnvttock 


ns 

314 
215 
316 
217 

318 
219 
220 
231 

223 

223 
224 
225 

226 
227 


230 
231 


236 
I  287 
i  '238 


'  240 

241 

I  242 

I  243 

I  244 

I  24ft 

246 

247 
248 
-i49 
250 

251 
252 
253 
254 
255 
256 
267 
258 


200 
261 
262 


0L48O0W  B.  Best. 


Do. 


Do. 


Do.    Best  Birn-. 


Do.       B.  Best. 


Gov  AST  B.  Brat. 


CoATBiiiDOB  Best  Rivet. 


BLOCitAXBH  Best  Rivet. 


8t.  Rollox  Best  Rivst. 


R.  SoLLOcn  E.  Best. 


Ulverhton  Rivet  iZ>j  Best. 


MnnsBV  Co.,  Best. 


RoDed. 

ban  I  Inch 

round. 


Rolled 
ban 

"/■«  In. 
round. 

Rolled 

bars  ^/d  In. 

round. 


Forged 

from  1  Inch 

rolled 

bars. 


RoUed 

iHin  '/i  in. 
roand. 


Rolled 

ban  '/#  In. 

round. 


Rolled 

bare  '/♦  in. 

round. 


Rolled 

bars 
»/i«In. 
round. 

Rolled 

bars 

"/i6  in. 

fur  rivets. 

Rolled 

bars  */4  in. 

round. 


Forged 

from 

'/4  in.  sq. 

bars. 


inch 

1-00 
liW 
1-00 
098 


S. 
aq.in. 


lbs. 


lbs. 


I' 


-7854     last  0ajB171  I, 

7854      1347  50J5e9|  ll 

■7854   '  1347  .W5fia  ^  58M5  , 

•7543      1248  ^S.151  1 1 

"'^      1219  5«i,121j 

'  |l 

IISJ  .61.296^  , 

1132  «1^»6    .-Bin'' 

1033  57.131  [  ®*'*'*" 

lOM  ;55^19j 

925  '38,8231 

876  W»S»5t|p-ua«il 


•S945 


-78 
•77 
•77 
■72 
•79 

•78 
-76 
•76 

•75 

•75 


•76 


•81 


•47T9 
•4657 
•4657 
•4071 
•49C2 

•4538 
•4536 
■4536 
•4417 

■4417 


•4417 


•51S5 


•3R48 


•76 


•67 
•71 
•70 
•74 

■74 


•3.)r>vS 
•:isi8 

•4300 


876    0&515  I 

876    56^15  J 


669 
519 
663 

066 
637 
630 
605 

679 
664 
619 
607 

631 
614 
607 
599 

951 
715 

708 
561' 

490 
484 
454 
433 

612 
591 
691 
540 
505 
490 
447 
419 

4C3 
&J3 
505 
590 
662 


60.6951 

60.541 

59,700 

57.976 

56^16. 


59.045 


61,1061 

58,886j 

63^771 

62.626  Lj-«j2 
61675  '»^'*3 
59,013  j 

59,9001 

50,013  [  99MS3 

58,606j 

633481 

55  J26  \  Wf9Sl 

47^248  j 

SiioGf^'''^^ 

66,078  J 


69^3301 

TjS.OOO 

58,000 

54,7(JG 

62,547 

51,596 

4S.870 

i7;09& 


63>776 


62.411 1 

00,621 

60  317  }  60,110 

59,512 
57,690  J 


7. 


-91 

-91 

■«  -es» 

-90  I  «)»^ 

-90  I-63&1 

-«  '-58^2 

■86  1  -5^Ji 

-86  -a^li ; 

■86  -3^12 

■a  I -51SS 

-so  Jnss 

-80  -ji«6 

-80  i-doSi 

-72  i-4Pn 

-70  I  -^^^ 

-71  ;^•9'''^. 

•89  1  -l^i-* 

-75  •4417 


•73 

•TO 

•n 

•TO 
-TO 


•70 
•70 
•71 
•70 

•77 
•75 
•77 

•80 

•65 
•68 
•68 


■68 
•f» 
•69 
•70 
■64 
•63 

•64 
•68 
•67 
■71 
•71 


-4tCl 

•3645  I 
•.'>i4>. 

•ari' . 

•3S*56' 


■»;*?! 

•3a>s. 

•3»4», 

-4657, 
•4417 
-4657 
■5026' 

■331S' 
■3*21  1 
•3421  . 
•8SISI 

-9525  ! 
:331S 
•3632  ' 

■3311^1 
-3739' 

•3216' 

-3632! 


! 


■3216 
•36*2  { 

•35*5  1 
•3968; 


IRON       BAR  S— (CbiKtnuerf). 
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1  tores,  except  those  marked  Sampifh,  which  were  received  from  the  Makers, 
size  at  fracture;  »,  sixe  at  amaUest  part. 


DHTorence  between 

Breekincr 
Wgbt  por 

FRACTURED 

IMffdranoe  between 

Braaking 
Wfrhtper 

RLONOATION. 

FRACTCRR. 

OrigliM]  And 

sq.  lu  of 

Original  and 

•q  In  of 

iaColiimnaQ. 

Stretched  Araaa. 

Stretehed 
Ana. 

Diameter 

Ana. 

Fractured  Areaa. 

Fraetared 
Area. 

Ciy. 

CoL 

Kind 

8.         9. 

la 

11. 

18. 

IS. 

14.      16. 

16. 

17. 

18.    19. 

80. 

81. 

88. 

83. 

84. 

ai.  in.  aq.  In 

1?.ct 

lbs. 

inch. 

flq.liL 

sq.  in.  Bq.in. 

IP-ct. 

lbs. 

inch.  inch. 

in. 

vet. 

»>ct 

12041 

•88 

•6281 

•25781 

1-641 

•5 

S 

1350 

•78 

•4779 

•8076 

1-97 

1 

s 

12(H     'UM 

162 

70,260 

•76 

•4417 

•3437 

•3076 

89-6 

97,548 

1-92 

1«6 

8-0 

28-2 

0 

8 

1181 

•76 

•4417 

•3126 

1^88 

1 

S 

1336J 

16 

•4536 

•8162 J 

1^87 , 

0 

8 

•OSHS^ 

•68 

•8632 

•30181 

1-401 

0 

8 

■«m.l8  f  **** 

12-6 

67,404 

•68 
•68 

•3632 
•8632 

•3018 
•3018 

'8991 

45-0 

107,065 

1-38 
1-22 

188 

6-0 

21-8 

0 
0 

1 

8 
8 

oa3«J 

09 

•8788 

-2911 J 

I'Uj 

0 

0 

S 

•071)2^ 

•ei 

•8216 

27291 

1191 

1 

S 

(•1119  \.osm 

14-9 

67^03 

•67 
•68 

•3628 
•8632 

•2419 
•2313 

•8417 

407 

98^05 

1-28 
1-40 

188 

6-4 

287 

0 
0 

s 
s 

0919  J 

•69 

•8738 

'2206  J 

1-26. 

8 

1 

8 

•f  17081 

•66 

•8318 

•14611 

0-671 

8 

1 

8 

irSfi'.^ 

-62 

•3019 

•1638' 

075 

0 

1 

8 

1J<I99  1-0C06 

181 

68,003 

•67 

•3526 

•1131 

•1210 

26-2 

80>053 

0-62 

0-67 

8-8 

20-9 

62 

Y 

•0832 

•69 

•2734 

•1337 

0-80 

Or 

8 

-aiSiJ 

•76 

4417 

•0186. 

063 . 

68 

1 

Y 

•0165  ;  ^"^ 
-0159  J 

•60 

•2827 

•17091 

1-271 

0 

>i 

S 

11-6 

67^33 

•60 
•69 

•2«27 
•2734 

•1709 
•1802 

•1708 

877 

95,706 

1-40 
1-47 

140 

8-3 

16-9 

0 
0 

1 

B 
B 

•60 

•2827 

•1690. 

146  J 

0 

T3 

8 

•05^9  ^ 

•67 

•2552 

•1866' 

1-661 

0 

t 

S 

•(1712;  ^"^ 

•0159  J 

13-2 

70.893 

69 

•2734 
•2^2^ 

•1683 
•15JK) 

•1586 

35-9 

96,267 

172 
1^44 

U7 

e-8 

21« 

0 
0 

n 

S 

s 

•61 

•3216 

•1201. 

1-17J 

Or 

B 

■o->6n^ 

•69 

•2784 

•16831 

1-341 

0 

8 

•«'5^"9U0541 
0J59  1  "'^ 

0oG9J 

12-2 

67,006 

•66 
•61 

•3318 

•2JW2 

1099 
■1595 

•1515 

348 

89,279 

1-30 
l-'25 

1-88 

6-8 

194 

0 
0 

8 
8 

•59 

•2734 

•1683, 

1-40. 

0 

8 

•(>r>281 

•66 

•3318 

•18671 

1-621 

90 

Y 

•<>'♦»  I  -0480 
•aVi8  \  ^'^^ 

9-6 

63,825 

•aV26 
•3626 

•165) 
•1669 

1867 

26-3 

77,383 

l^h-» 

6U 

16-6 

0 
0 

8 
S 

0159  J 

•79 

•4W2 

•0283 

0-60  J 

80& 

Y 

•<>5301 

«2 

•2124 

•17241 

1-61 1 

0 

1 

8 

;'ngi-«» 

12-4 

65,C90 

•60 
•62 

•28-27 
•2124 

1021 
•1724 

•1568 

40-7 

96,959 

0-88 
1-00 

117 

6-6 

177 

2 
0 

8 
8 

"OoaoJ 

•61 

•2043 

•1805. 

1-28 

0 

8 

•osni) 

•60 

•1963 

•24541 

1«71          1 

0 

' ' 

P 

-l'>99 

•62 

•2124 

•2293 

169 

0 

1 

P 

■0785 

•50 

•1963 

•2454 

138 

0 

P 

•1099 
-0*578 

•0888 

201 

67,324 

•62 
•57 

•2124 
•2552 

2298 

■1865 

•8147 

48-6 

104,680 

158 
126 

146 

OT 

21-6 

0 
0 

^ 

o,-,C9 

•60 

•2827 

•1590 

1^20 

0 

Q 

•1201 

•60 

•1963 

•2454 

160 

0 

•; 

P 

■0785. 

•68 

•2642 

•1775. 

1-29, 

0 

2 

Q 

■03101 

•63 

•2207 

•18191 

0-601 

0 

Q 

•03-26 

•60 

•2827 

•I  131 

0^68 

Or 

? 

g 

-0.-522  [  -0888 

8-2 

65,894 

•61 

•29*22 

09-26  \  1216 

30-5 

86,295 

0-58 

071 

44 

169 

9r 

(«42 

•67 

•3628 

0774 

0-64 

f 

66 

X 

•0342J 

•66 

•2376 

•1924  J 

1-03. 

0 

Q 
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TABLE  B. 

Monk— All  the  pleeet  vere  taken  prvMi«ewu(|r  ftxim  Engineenf  or  M€Rtifii< 

ft  denotes  bed  ficsctare;  r,  i%hilj  i?  '• 


iMlU 


Makan  or  Worth 


W«igbi 


SCMlTdl  or  Origtaal  Ana.  '  OiaBMr 


964 

a66 


270 
271 

272 
273 
274 
276 

276 

277 
278 
279 


2ro 

2K1 


284 

2K5 
286 
287 

288 
2H9 

yio 

291 
292 
298 


294 
295 


Per  EcKMAW  A  Co.,  RF 
Gothenbarg. 


Da 


Do. 


I! 


PuHCB  DmooPT,  CCn 


Do.  Do. 


nAmatuD  Scrap  Iro>. 


BuiBXLBD  laoir  vbom  Tcumos. 


Cut  out  of  a  Crank-«haft  of 
Scrap  Iron,  thus— 

t 


and  reduced  to  the  required  Khape  in 
the  lathe,  not  on  the  anviL 


1. 
inoh 

•91  X  -64 
•89  X  '66 
-89  X  *64 
•89  X  -64 

•91 

•92 

•90 

•89  X  *57 

•91  X  *52 

•89  X  -fiS 

•88  X  •SS 

•91 
•96 
•92 
-92 


•76 
•76 
•76 
■77 

•76 
•75 
•76 
•76 


•87 

•87 

'86 

1-00 

1-00 


1-00 
IJOO 


t. 

aq.in. 

•66M 
•6874 
'6696 
•6696 

-6504 
•6808 
•66j0 
•6362 

•6078 
"4782 
•4895 
-iOiO 

•6504 
•7088 
•6650 
•6650 


^4596 

•4418 
-4536 
•4667 

•4536 
•4418 
•4418 
•4536 

•ef>82 
•6945 
•6945 
•5b  12 
•7854 
•7854 


•7854 

•7854 


S. 
the. 

695  48,987 
676  47,664 
640  147,384 
640  .47,384  J 

826  149,506 
86S  49.082 
W5  '47,634 
741  146,869 

676  65,190 
505  49,049 
540  '49,418 
447  144,600  J 

1106  165^16 
1105   56,447 
62.923 
919  52,834 


ItM. 


47.655 


4&2S2 


'  84x-ae 
-79x-y 

|!-8»X^fc 


524 
688 
652 


1-84X«'«5J 

*'»"'•*  -81  X  -i'  •*»' 

I'rSS  X  -W  -^^ 

•88      ^'• 

56,805      ^   i^*^ 

-6)  r^- 


64,0701 
52,666  J 


608  674281 

680  167,290  I  „ft-o         "^^ 
638  64,626 /»*»®<'8        « 

662   54,070j 


•fiB  yssi 

•67  <t-- 

•68  ,  »•' 

•68  ^ 


755 
685 
720 
615 
1007 
979 


930 
923 


49,671 
47,519 
49,167 
46,234 
47,469 
46,450 


47M2 


ttJS}44,758 


•>4* 


•8! 

1  -jM 

•82 

•iM    , 

•81 

V.a 

•81 

•y.i5 

•91 

•tt&'    1 

■94 

lis;*'    1 

•94 

1 

•95 

i-T't^ 

RON      BAR  S-iCantinued). 
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'size  at  fracture;  Sj  size  at  smaUest  part. 
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Difibrenoo  betwi 

OrigtoalAiid 

BUetchisd 


BreaklDff 
Wght.  per 
M).  In  of 


FRACTUBKO 


Diameter    Area. 


Original  and 
Fraetund  Anas. 


BneaMng 
Wghtper 
•q  In  of 


BLONOATIOH. 

Length  of  part  etntohed 

inCdamnl}, 


Ciyi.  CoL  Kind 


8.         9. 

aq.  in.  sq.  in. 


•08661 
•0790 
•1272 
•0940, 


•1134 
•0838 
•0688 

•06211 
•0288 
•0?«5 
■0335 

•04M 
•0726 

■0668 
•1624 


•0904 

•0892 
•0904 
■1025 


■0570 
•0679 
•0688 

■0801 
■0664 
W92 
■0659 
•1204 
■0014 


•0914)  . 
■0786/^ 


•0688 


•om. 


iWi 


l^ct. 


16-8 


127 


10-7 


12-4 


20ff 


147 


12-8 


107 


11. 
IbB. 


67.484 


66.285 


66^59 


074^8 


66.470 


68,610 


49,917 


u. 

inch. 

WX-87 
•sex -44 

'62X'85 
•62X'4S 

•61 
•66 
•60 
•61 

'88X«2 
•89X60 

65x-a6 

60X42 


•ri 

•61 


•66 

•68 
•68 


IS. 

■q.in. 

•8100 
•2686 
•1820 
•2604 

•9043 
•2876 
•1968 
•2043 

•4816 
•4460 
•1980 
•2680 


14.      16. 
sq.in.  aq.in. 


■8716 
•3278 


•8«90 


•8098 

•44611 
■4432  1 
4687  f 
^19  J 


•4476 


•6062 
•6862 
•8868 
•8988 


•8468 
•2642 
•2648 


•65 

•64 


•80 
•81 
•76 
•76 


•92 
•96 


•8818 
•8816 


«)26 
•6158 
•4417 
•4536 
•6674 
•6D04 


«650 


•8916 
•8320 

■0488 
•0786 
•2698 

■8788 j 


10641 
1966 
1894 
•8016 

•0904 
1100 
1208 
•0904 

1066 
•0798 

1628 
•1276 
•2180 
1860 


•1668 


•1888 


•1868 


•1088 


•1864 


^ggj.^0e85 


16. 


60-6 


68*0 


32-1 


281 


431S 


22^ 


207 


126 


17. 
lbs. 


12L066 


160,760 


78418 


77,682 


94406 


72,631 


69,003 


60,971 


18.   19. 

Ineh.  inch. 


1-421 
W4 
2<» 
1^60 


1-m 


1^821 
1"80 
8^07 
178 

0-481 
'©•29 
162 
90j 


186 


0-80 


•67 
^40 
120 
1-63 


098 
©•98 
'0"92 


'©•661 
0-84 
,©•81 
0-60 

0-671 
0-60 
0-86 
,0-70 


0^94 


0^78 


0-71 


P}»« 


P}««» 


80.    81, 
in.  ^et. 


278 
264 
13^ 
16-8 

24-8 

166 

192 
27-0 

16-8 


88. 
V«t. 

0 
0 
0 
0 

0 
0 
0 
0 

0 
656 

Or 
8rr 

100 
90r 
Obr 
Or 


88. 


S 


ii 

•So 


si 


si" 


P 

P 
P 
P 

u 
u 
u 
u 

w 
w 
w 
w 
w 

w 


w 
w 
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TABLE    C. 


KovK.-* AH  fhe  pieem  -wvm  taken  pivml»twom»i$  tnm  Engfnear^  or  Mcvdmb' 
fhal  fbe  Btxsm  vas  applied  ImgtkwagB  of  the  plato;  C,  cnaw^t;  /,  atze  aft  fracture;  »,  u* 


loda 
No. 


OftfaolUkOTB 

or  Works. 


TUek.  Bdlh      Araa 


Wd«bt 


SlMljd. 


Breakfng  Wclglit 

per  Miaan  inch  of 

Original  Ana. 


aoi 


ao3 

804 


ao5 

906 

ao7 
ao6 


309 
810 

811 

312 
313 
814 

815 
816 
817 
318 
819 
820 


821 


324 


327 


830 


881 


834 
886 


386 
387 


380 
S40 


841 


342 
348 
344 
346 

346 
847 


T.  TiTRTOK  &  SOKB. 

GAst  SteeL 


NATLOR,yiCKBRS, 

&Co. 
Cast  Steel. 


MoSfl  <Sr  GAMBLB8, 

Cast  steel. 


SHORTRnXJB, 
HOWKLL,  &  Co. 

Uoinogeneous 
Metal, 


1.       S. 

inch.  inch. 

•260  X  9<X> 

•270  X  2HX) 
•260  X  2-00 

267  X  2-00 

•272  X  2-00 

268  X  2-00 
•268  X  2-0(» 

•250  X  2O0 


250  X  200 


250  X  2-00 


•250 
2fi0 
•238 
172 
188 


X  2-00 

X  2-00 

X  2-0() 

X  2^00 

X  2-00 

X  200 

I  X  1-87 

I  X  1-99 
I  X  2-00 
I  X  2H)0 


X  2-00 
X  2-00 
X  1-99 
X  2^00 
X  1^87 


8. 

sq.in. 

•690 


•520 
•534 

•544 

•536 
•536 

•500 


•600 


•60C 


•500 
•600 
•476 
•844 
•376 
•624 
•480 

•621 
•624 
-524 


•380 
•300 
•878 


•856 


190  X  2-00 


Do. 


Do. 


Do.  Do. 

Second  QQ&lit3r. 


•375  X  2-00 


240  X  2O0 

250  X  2^00 

■250  X  2-00 

-250  X  1-95 

•250  X  2-00 

260  X  1-96 


480 
•500 
•500 
•487 

•500 
•487 


1 
lbs. 

1447 

1511 

1418 
1447 

1618 
1562 
1475 

1388 


1247 
1219 

1188 

1090 
1076 
1047 

1876 
1347 
1190 
1172 
1161 
1148 


1133 
1105 
1035 
619 
647 
997 
720 

1012 
947 
940 


1154 
976 
990 
876 
762 

1111 
1038 
1019 
991 
819 


2274 


1076 
1082 
919 
762 

1189 
762 


6. 

lbs. 

95,860] 
95,144 

98,796 
92,858 


6. 

lbs. 


9M» 


98,974  [  •^** 
92,788J 


87,972] 
86,404 


7. 
lbs. 


964B99 


81,668 

79,180 
78,396 
76,772, 

96,196 
93,572 
64.780 
88,n2 
83,156 
82,428  J 


81,719 


87,150 


8C485 


81,588 

80,020 

79,937 

76,750  f  76,5941 

72,303 

70,584 

67,977 

71,7961 
67.912}  68,062  j 
67,538j 


72,388 


108,900 
101,106 
97,328 
88.416 
86^ 


105,732 
99.964 
96,963 
96,868 
84,211  j 


96,969 


81,662 
75.932 
69,604 
62,435] 


96,280 


974S0 


72,408 


98.715 


64,724)    ,-,-on 
62;486|  ^"0 


72,994 


a 


•I     !   » 


•266  X     1-94 

■8S9X     1^ 

245x{i|^ 

•aasx    1-79  ; 

-845  X     1-65    f 
"1-9S/! 

l-«f  1 


•«8X-{] 


•280X 
-2a6X-^ 


•212  X 

♦aoox 

•205X 

•224X 

•230  X 
-218  X 
•2»X 
•2«)X 
•218  X 


1-W 

ri«^ 

I1-S9* 

11-8^ 
1-70 
1-70 
1-75 

!•» 
1-90 
1-T» 
1-73 
1-76 
1-71 


•*.-: 

i  t,- 

\    *f2 

•45: 

•411 

•c* 


Hi 

■4SL 

Hi 
'»■ 
-54.: 

•414 
•»• 

•*c 


•216  X  l-80« 

198  X  1  70b 

•211 X  l-7»a 

■138  X  1'74k 

•140  X  1-79W 

•196  X  l^Bm 


-3% 

-3^7 
-»■ 

-**;• 

•251 

as 


•203X  l'64m  -$S3 

•200  X  l-«8»  « 

•210«  IfJm;  3S: 

•180  X  1-55M  -27; 


•188  X 

!•» 

•St; 

•176  X 

1-97 

•3*? 

176  X 

1-96 

-347 

166X 

1-79 

•?r* 

148  X 

1-65 

^44 

■178  X 

1-90 

•»J 

•178  X 

i-eB 

•335 

165  X 

1-88 

•9« 

■179  X 

190 

'S¥> 

165  X 

1^63 

■9CS 

•338  X     1-90       ••« 


•220  X 

1-90 

■41? 

•288  X 

1-94 

•4« 

•230  X 

1^87 

•4*> 

•230X 

1^87 

•43U 

•244  X     1-96 
•238  X     1*90 


•47? 
•455 
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t  smallest  part;  fii^roeaniiao;  rf  dsnotM  that  the  layen an  ■llgktly  dtomittad;  l^tadAMBlim. 


BfMktalcW«lgbt 

sumoATioir. 

ntAcniRB.     1 

Fra«cand  and  OriffaMl 

per  tqum  Ineh  of 

II 

Anm. 

C^Umutl. 

Qraa. 

KtaML 

11.      IS.      It. 

14.      15. 

18.           17. 

18.     19.    80. 

81. 

88.        8& 

84. 

86L 

I^ct.  v-ct 

IbsL        Iba 

Inch.  iucb.  inch. 

inch. 

ret     ret 

IP'oent. 

■OSB 

■ 

•ao] 

100 

A 

5.6] 

100,063 

381.88] 

5-711 

too 

A 

-025 

•w 

MOJ 

100 

« 

-04SJ 

100 

050 

9^5 

106.937 

480 

60 

7« 

-0931 
i    -108 

J87] 

100 

C 

1     llO 

1   -omS 

•onj 

I8.4I 

111,811] 

•89     .M 

886. 

100 
100 

s 

^1« 

'  -oaij 

•«J 

100 

A 

\  -088] 

0881 

76 

D 

-089 
»  -086 

006 

100 

B 

•068 
-0H8 

^•lOT] 

Sl-41 

10U381 

0-80 

'   -SSI 

1750] 

66 

D 

140 

lOB 

0 

B 

too 

118 

0 

1 

•141 J 

110 

0 

rl09 

SI-T 

108^26 

976 

6*6 

1741 

-oen 

0-98 

80 

D 

-088) 

0-90 

09 

E 

«H)j 

118^18. 

1-18 
0^ 

•w. 

17^8S 

0 
0 

.    113 

088 

0 

H 

j  -127  J 

MO. 

0 

£ 

'   -1111 

1^1 

0 

E 

•168 

1-03 

0 

P 

■086 

110 

0 

1 

-104 }  un 

tMl 

105.6M1 

117 

Mil 

18881 

1973 

0 

.  '12^1 

1-06 

0 

F 

;  -jotl 

107 

0 

0 

-O07J 

1-27] 

0 

F 

164 

83-4 

109XMM) 

1106 

66 

-1971 

1101 

'lo^etj. 

0 

P 

'1631--MJ 

smJ 

118,546; 

106    MO 

0 

0 

!-M6j 

iiej 

0 

H 

<«1 

871 

too 

A 

,    014 

•18 

100 

A 

1  081 

•MS 

1*61 

Uil061 

•88    -4881 

6-61] 

100 

A 

!    101 

■68 

0 

P 

-111 

•99 

0 

Q 

1 

•067 

U-2 

[114.208 

^        }  -491 

6-6 

8-77 

-0421 

•401 

1 

100 

8 

I  -016 

•46 

1 

88 

-078^"OM, 

IMJ 

114,300J 

•70 

•500J 

898j 

80 

D 

1  -040 

« 

95 

B 

!  -078] 

•60] 

0 

P 

i 
'•1C6 

14-4 

118,805 

•68 

86 

IM 

100 

C 

'  -oral 

•48 

0 

.1 

I  -070  l^** 

U-5^ 

61,868^ 

•90 
'48 

-888 

588' 

0 
0 

J 
J 

1  -067) 

•88 

0 

J 

042 

86 

80,034 

266 

6-6 

4-67 

\^}^- 

»^J 

■38,845] 

= 

881. 

10 

1 

I 
J 
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TABLE     C. 


N0T«.~  AH  the  piteoM  w«ra  taken  pramnemomtijf  from  Enginaen^  or  Mm  heal  i 
L  denotes  that  the  rtnln  wu  appUed  Ingikwajft  of  the  plate;  C,  crtMnoofB;  /,  atxe  at  fraetuv;  s.  Mw 


Indn    1 

NaiMi 
oftiifl  Makm 

1 

OBIQIXAL. 

Wdfbt 

par  ■qoara  loeb  of 

raACTtTBBlL 

K«. 

1 

1 

OB 

s 

orWorka. 

TWdL  Bdlh 

Afw. 

sMtl 

Ofisla«l  Area. 

IVd.        Bdik 

An» 



1.        1. 

S. 

< 

6.          6.            7. 

&           9l 

ir 

inoh.  Inch. 

sq.ln. 

lbs. 

Iha.         lbs.          Iba. 

inch.       tech. 

**« 

344 

Mbwbt  Co. 

L 

•180  X  1*88 

•888 

900 

1064W61 

•176  X    l-« 

•99S 

349 

Puddled  Steel 

« 

•180  X  1-90 

•348 

961 

105,190    tffltfoi 
00^19    ***»*■"' 

•169  X     !■» 

•ns 

3ri0 

(Ship  PUtee.) 

w 

•115  X  1-90 

•818 

447 

•109  X   i^as 

-■B 

:«i 

tt                  m 

«r 

•116  X  1*88 

•816 

891 

08,676  J 

iiox   i-a* 

'Ktt 

93,209 

xa 

m                   H 

c 

•180  X  1-00 

•843 

801 

99.168) 

I73X     !•« 

•323 

363 

m                   It 

«r 

•180  X  1-88 

•888 

748 

^^       MOM 

88/M)7      '^'"J 

•172  X     !•» 

-st« 

:)&4 

i»                    m 

« 

•116  X  1-80 

•817 

868 

•112  X     l-W 

-209 

UU 

H                   m 

» 

•108  X  1-80 

•198 

111 

68,098j 

•101 X     I'flB 

•»u 

356 

Mbr«ky  Co. 

L 

■»46  X  MO 

•480 

1688 

106.1101 

•238X     1-H 

'4e 

367 

Puddlod  steel, 

» 

•tfO  X  s^ 

•500 

1664 

10^784    lOMU] 

1M4X     1« 

■47* 

358 

•; 

«Uiurd." 

» 

'S60  X  1*94 

^486 

1388 

96^946^ 

93,979 

^x{ia: 

^464 

350 

»                     m 

C 

•«0X  1-86 

•488 

1819 

86^589) 
88W  •»'**J 

•848X     1-80 

-4n 

3t» 

H 

i 

»                 m 

p." 

•«0  X2O0 

•600 

1144 

^x{iaf 

^1 . 

-4« 

361 

Do." Mild**  Do. 

1 
L 

•860  X  »00 

•600 

1888 

86.908)  -,AM> 

•834X    i-ar 

-4sr  > 

36S 

w                     » 

w 

■260  X  1-96 

•488 

847 

67484  f  "»''■• 

79.896 

•880X     1-86 

-4* 

368 

w                    m 

C 

•MOX  1-96 

•488 

876 

66,684/  '"'■"J 

•887  X     1-90 

-450  ! 

864 

m                   m 

l" 

•S&O  X  »oo 

•600 

864 

«»x{iaf 

-4*1  , 
-451  ! 

365 

Do.             Do. 

L 

•875  X  1-70 

•498 

1017 

78,0801 

«x|lW 

-461  1 

'4m  ' 

366 

(Ship  PUtee.) 

L 

•«76  X  i-79 

•488 

819 

71^ 

66^016  J 

•455  1 

■4121 

367 

Bi/xnTAimir 

fL 

•190  X  MO 

•880 

1120 

106.8941 

•186  X    1-W 

-MB  '. 

866 

Puddled  Steel. 

«r 

•190  X  2O0 

•880 

1118 

106,847 

181  X    1-W 

-886 

360 

»                 m 

w 

•190  X  MO 

fl80 

1076 

108.158 

1084M1 

;180X     l-fii 

Mi 

870 

m                   m 

.u 

•190  X  S-OO 

•380 

1061 

102.047 

•188  X     l-flSt 

-s» 

371 

m                   u 

J   w 

•180  X  MO 

•860 

876 

98,887] 

•173  X     1-W 

■841 

93,816 

873 

H                   m 

c 

•190  X  iJOO 

•880 

890 

89,4471 

•188  X    !•« 

•ara 

378 

\'- 

m                   w 

*• 

m            m 

•» 

826 

84,710 

•180  X    l-M 

•95S 

874 

1    , 

w                   m 

w 

If               u 

M 

886 

84,710 

8MM 

•180  X    1-89S 

•976 

876 

m                 m 

« 

»            m 

m 

790 

82,079 

1 

•180  X     1-97 

•355 

876 

\ 

1 

m                   m 

n            m 

w 

776 

81,017  J 

180  X  i-n 

■376 

8n 

Do.           Do. 

L 

•818  X  »00 

•684 

1847 

^'^1>1  fMS90> 

•800  X     1-96 

•568 

878 

(Boiler  Plates.) 

«i 

•818  X  1-76 

•646 

1688 

96,887;  *'**| 

86,010 

•aaex   vfx 

-460  1 

879 

m                  m 

c 

•818  X  8<J0 

•624 

1861 

lhfl»\  -,_ 

•809  X     1-98 

•612 

880 

r                    m 

» 

•818  X  VXS 

•634 

1876 

71,798;  ^^^ 

•800  X    1-96 

•5HB  . 

I 
1 

1 

EEL    PLATE  S— (cfa-ri^i.*;.) 
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Itioxnesy  except  thom  marked  Seaiipta,  wfttcb  were  reeelTed  from  the  Makera. 

Lt  aznellest  part ;  m,  mean  size ;  d  denotes  that  the  layers  are  fdightly  distralted ;  h,  bad  fraetara. 


DifliwaMe  bctw«Ri 

Bi«aklng  Wdghl 

BJLOBOATIOir. 

nucTcu.    II 

per  tqoHre  loch  of 

Araaa. 

FnctumI  Aiw. 

Column  SI. 

Qran. 

KmJ 

11.      U.      IS. 

14.     16. 

18.         17. 

18.    19.    30. 

31. 

33.        3& 

M. 

96. 

aq.  in.  0q.lii.  aq.in. 

IP'Ct.  ^et 

lbs.        Ibe. 

Inch.  Inch.  inch. 

ineh. 

ret     rot 

lucent. 

-oi«i 

1 

•161 

88 

1 

J 

-oi.  1 

•018 

0^1 

109,553 

-24 

•« 

«3 

3^1 

24 
3 

-014J 

•28 

0 

J 

1 

•015 

6-4 

109,649 

•153 

7-6 

2^02 

-019 1 

•10 

80 

1 

•ouj 

4-4 

91,746. 

•08 
•15 

•006 

1-36. 

8 

1 

i 

-ouaj 

•05 

06 

JL 

-0281 

•281 

86 

lA 

-014  ^'^ 

•021 J 

4-61 

107,8271 

•*>    TO 

4-86 1 

90 

lA 

•84  1 

63 

lA 

•089 

4« 

98^72 

228 

6-6 

408 

0171 

•181 

63 

lA 

•019    -OSS. 

*7J 

89416J 

.24J-186i 

s^soj 

66 

lA 

SS}-<« 

13-51 

08;mo1 

.^}-3«l 

616 

88 
0 

I 
J 

-0381 

052 

10^6 

80,937 

•332 

■sn 

66 

694 

3 

J 

•039     043 
•049 

0-5J 

78,634 

•ssj^J 

6-78 

0 

J 

-028") 

•*^  -on 

•OfiOj 

7* 

77,630 

•22] 

•300 

•18 

5S 

3-OT 

1 

Od 

J 
J 

•0141 

•221 

82 

lA 

•025 

•26 

86 

lA 

•C»4 

000 

6^3] 

106,0791 

•30 

•3031 

3-60] 

66 

lA 

-one 

•16 

78 

lA 

•019 

■08. 

80 

lA 

018 

48 

97,978 

176 

6-6 

811 

•017 

•28' 

88 

I 

OS7 

•18 

28 

I 

•004 

•010. 

4-3 

87,877J 

•07 

160 

268j 

90 

lA 

<m 

•14 

6 

J 

-001 

■08, 

86 

IK 

'^}««) 

10-4 

107,6141 

:S}«1 

»381 

44 
3 

^ 

042 

71 

92,130 

**'^<> 

7-6 

619 

^M 

38 

76,646  J 

:S}-»») 

414J 

80 
6 

K 

L 

1 

^ 
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TABLE    D. 


Man.— All  tte  ptoiM  m«  Ukan  pmK<ac«oir«(v  tnm  ERgfaMmr  or  M«chnte' 
L  denoCM  that  tha  stntn  was  avpltod  tovlAwva  oftbe  pUt«;  C,  cnatwajp;  /,  sLu  at  fraotam;  «.  ^a  a& 


Ittda 

K«M> 

« 

OBIO»AL. 

WtHM 

VUCtWKSL 

of  ttM  Molun 

K 

m^  mnmmsm  l^rii  i^ 

Ho. 

2 

orWotko. 

J 

Iblek.  Bdm 

Ano 

8MM 

pv  wqpmxm  nan  ot 

TM^    Bdft  j  Aim.   ' 

1.       1. 

t. 

1 

6.          6.             7. 

a     9L  ^  16. 

inoh.  Inch. 

■q.ln- 

lbs. 

lbs.        iba.         lbs. 

•255  X  1«7  i   «7  ' 

Ml 

f 

LOWHOOK. 

L 

•812  X  MO 

«M 

966 

57;B811 

40t 

m                   m 

f* 

•  X  i-fio 

•668 

768 

64,168 

•276  X  1«7  •    «», 

406 

m                   m 

W 

.»    X  1-W 

•686 

678 

50^0 

-«i.o»] 

•200  X  1-VO  1    ^442  ' 
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NV 

•1541 

•881 

60 

^^ 

SN 

•129}-U7^ 

14-91 

61,6681 

75 

•601 

107 

1 

g 

N 

•098J 

•ow 

U^ 

69,887 

•47^ 

•46 

6-6 

790 

1 

1 

N 

.082 

•32 

40 

zi 

N^ 

•069  -on 

•  ij 

6iOQBj 

•80 

'  -89J 

M. 

6 

"3 

•068J 

•27  J 

1 

NV 

•0981 

•601 

28 

U 

•1V56 

•88 

80 

u 

•093 

•42 

4 

« 

<H0 

0661 

W] 

61^1 

•29 

•801 

4^0 

9< 

-(HO 

•27 

9 

u 

■028 

•18 

9i 

F 

u 

■019 

•06. 

lOu 

5 

u 

IMK) 

ff-8 

49935 

28 

76 

870 

8 

0221 

•231 

80i 

<S 

V8 

•074 

•40 

10 

5 

V 

•074 

•42 

4 

c 

V 

•055 
•040 

<M 

^ 

4Mtt 

•30 
•17 

•86 

84 

10 
16 

1 

y 

019 

•08 

It 

«a 

V 

D25J 

•«5. 

1 

V 

•0811 

•461 

8 

u 

'039    "0691 

1(HI^ 

a306i 

-^ 

'  «*! 

O^l 

Oi 

t 

u 

•056  j 

•048 

8-8 

49,893 

■28 

'    U 

66 

6*20 

OK 

u 

-0531 

'036  j-m] 

•83 

Oi 

V 

fr4j 

47,881  J 

-26 

•94J 

48 

Ui 

V 

-024/ 

•Wj 

16ii 

•' 

V 

•0511 

1 

•27 

9 

j 

w 

•ossi^OftB! 

57' 

46.0381 

•28 

•261 

84 

80 

WR 

•048  J 

•24 

1 

85t 

I 

WR 

l048 

M 

44,830 

\  -24 

7-6 

810 

-0581 

•82 

90 

r 

WR 

038i-OIOj 

4«. 

48,688. 

•23 

-28] 

8-9 

25 

WR 

•024  J 

•12 

9t 

o 

W 
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TABLE    D. 


«  NoTB.—  All  the  pleoes  were  Ukea  pnmiaaumt^f  fttm  Bngineera^  or  ]|«flc^utt 
h  denotes  thAt  the  atnln  wm  applied  ImgikmayB  of  the  plate;  C,  crosmoagt;  f,  size  «t  fractvre;  c,  iIk  ae 


ludci 

i 

Kam« 

1 

OBIOtKAL 

Wdgitt 

BrMkingWclghft           1 

•fi 

of  ttMMalun 

2 

HOsnliMhof 

Mo. 

1 

orWoriu. 

1 

Thiok.  Bdth 

ATM 

Stodjd 

TMefc.    Bd& 

Am. 

1.        I. 

t. 

< 

6. 

«.             7. 

8L         •. 

tt. 

inch.  inch. 

sq.in. 

Ibe. 

Ihs. 

Iha.         lbs. 

tncii.     iKluls^k. 

608 

/ 

Olasoow, 

L 

•400  X  1-76 

0-700 

1064 

663171 

-969  X  1-79  -  MB 

604 

Best  lk)iler. 

0 

•680  X  900 

1319 

9298 

66^10 

•eao  X  1-w  i-ift' 

606 

M                  m 

0 

•876  X  9-00 

0-760 

1164 

66,176 

masA') 

-345  X  1-90 

0C5 

606 

m                  0 

0 

•876  X  9-00 

0760 

1147 

64^ 

99flm 

-oao  X  1-9B 

Ma 

607 

H                   m 

0 

•400  X  1-78 

0-719 

1028 

68,168 

-900  X  170 

MB 

606 

•                    » 

0 

•660  X  1-80 

0-870 

1168 

48^16  J 

a849 

■S8S  X  1-10 

iym 

600 

H                   m 

c 

400  X  1-76 

0700 

1000 

69JD60' 

-876  X  179 

046 

610 

m                   «r 

0 

376  X  »00 

0-760 

1088 

60^60 

•379  X  1«7 

Q7S 

611 

n                   M 

0 

•400  X  1-78 

0-719 

916 

46,761 

«Mtt. 

•989  X  170 

om 

619 

ft                          w 

0 

•376  X  9i)0 

0-750 

069 

48,000 

«K>  X  1« 

^TS 

613 

iv                    m 

0 

•680  X  1-60 

0-990 

1836 

46,047 

•688  X  l'« 

0«fr 

614 

M                            H 

0 

•690  X  160 

0«X> 

1196 

A781. 

•66K  X  1« 

QrSbi 

616 

Qlabqow  Ship. 

L 

•188  X  9-00 

a«76 

888 

633701 

•160  X  1-97 

»9S 

616 

m                   f* 

0 

■687  X  1-66 

l^Oftl 

1600 

80380 

•699  X  1-63 

V9m 

617 

•r                    m 

0 

•312  X  1-97 

0-616 

761 

49,396 

47m  > 

-901  X  1-06 

M(« 

618 

n                   m 

0 

•687  X  1-60 

0-956 

1804 

47,730 

•    91  ft  §9 

•690  X  1« 

om 

619 

w                    w 

0 

•706  X  1-60 

1-067 

1476 

47,680 

•656  X  1« 

MS 

680 

m                   m 

0 

•390  X  9-00 

0-780 

790 

87,474. 

46.064 

•88S  X  1-99 

vmb 

621 

If                              V 

C 

•180  X  1-97 

0-356 

806 

49349] 

•176  X  1^97 

wr 

629 

m                   M 

0 

•312  X  1-97 

0-616 

761 

49395 

-806  X  1-98  { 0«4 

623 

«r                    w 

0 

•730  X  1-60 

1-006 

1448 

46310 

44.9fifi 

-690  X  1-46  1  l-KC 

694 

9 

W                            IT 

m 

•860  X  1-66 

1-079 

1890 

44,766 

W,900j 

•640  X  1-64  1  l-Of 

626 

w                    w 

0 

•637  X  1-67 

1^064 

1869 

443(i6 

•695  X  1^  ,  !-« 

626 

. 

It                   If 

0 

•300  X  9O0 

0780 

660 

89,460. 

•886  X  »00 

vn^ 

627 

Makors'  Stamp 

h 

496  X  9O0 

0-8S0 

1180 

49388] 

-880  X  1-01 

0^i« 

628 

iiucci'tain. 

» 

•425  X  1-98 

0«41 

1161 

40,439 

•400  X  1-96 

(KM 

629 

tr                    ft 

0 

e7A  X  1-65 

M14 

1619 

48i(35 

.  tf7mi> 

^649  X  t-es 

K* 

630 

H                      n 

0 

•626  X  1^50 

0W7 

1806 

48.768 

ii7,aM 

-560  X  1-46 

ows 

631 

It                    t 

0 

•840  X  1-79 

O-60O 

664 

46,499 

■306  X  176 
"220  X  1^* 

O0t 

639 

H                          It 

0 

•288  X  9-20 

0-476 

419 

4«,290J 

<KS 

44.140 

688 

H                           It 

C 

•676  X  166 

1114 

1447 

44319] 

'666  X  !-& 

1-QB^ 

634 

n                     It 

0 

•026  X  1-60 

-087 

1064 

42,079 

-580  X  1-46 

•6ff 

636 

It                             H 

0 

•426  X  200 

•860 

906 

40.489 

aAAM 

-419  X  l-OS* 

•8QB 

636 

0                             U 

0 

•938  X  2-00 

•476 

857 

40,066 

W,OWj 

988  X  1» 

-CO 

687 

n                    0 

0 

•25U  X  2H)0 

•600 

884 

89,644 

-948  X  l-OO 

•49 

688 

It                   m 

0 

•330  X  180 

•604 

468 

87,8aoJ 

•896  X  178 

•OS 

630 

G07AH  Best. 

L 

•946  X  1-97 

•488 

688 

40,677] 

■995  X  1-94 

SSB, 

610 

1*                   It 

0 

•366  X     - 

719 

878 

46.806 

•860  X  1-06 

•e 

641 

It                   tt 

0 

•946  X     " 

•488 

476 

46378 

AlOflB) 

•930  X  1-04 

•4« 

542 

0                             0 

0 

•880  X     " 

748 

847 

48331 

w,w 

-369  X  1-96S 

TW 

643 

0                               0 

0 

•606  X     * 

•996 

1047 

36370 

•489  X  1-96 

•MB 

644 

0                   0 

0 

•860  X     " 

•709 

648 

88308] 

4L74S 

'860  X  1-96 

£9 

646 

0                0 

C 

•946  X     » 

•488 

410 

48380] 

■945  X  1-97 

483 

646 

0                   0 

0 

•380  X     • 

748 

890 

49,788 

-816  X  1-96 

7S 

647 

0                0 

0 

•606  X     •» 

•095 

1080 

80,761 

•  8M«»J 

•480  X  1-06 

^m 

648 

0                0 

0 

•865  X     " 

719 

662 

88395 

868  X  1-96 

«B, 

649 

0                0 

0 

•886  X     * 

719 

691 

86,796 

«09  X  1-97 

71J 

660 

\ 

m                  0 

0 

•846  X     • 

•488 

ao5 

86,400 

-945  X  1-97 

•40! 
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stores,  except  thoee  marked  SampUt,  which  were  received  from  the  Maken. 

smalleet  part ;  m,  mean  size ;  t  denotes  that  the  layers  are  rather  imperfectly  welded;  b,  bad  fracture. 


Oifforciwo  MtwiMHi 

BnoUng  Walght 

ELONOATTOV. 

nUCTUKB. 

Fraetand  and  Origliial 

p«rflquAntnehof 

1 

▲reu. 

Fractured  Area. 

Column  21. 

Ciyi. 

Col. 

Ktnd. 

11.     12.     13. 

14.     16. 

16.          17. 

18.     19.    80. 

81. 

88.       sa 

84. 

86. 

86. 

sq.in.  sq.in.  sq.in. 

vet.  ret. 

lbs.         Ibe. 

inch.  Inch.  inch. 

inch. 

ixct     i^-ct 

^ct. 

•0771 

.   -471 

76 

.. 

R 

•118 

70 

66 

S 

B 

•005 
/>78 

•ow 

1101 

60,6881 

•66 
•47 

'  •60] 

98 

'  66t 
;  43 

**  _} 

i 

•iw 

•50 

0 

«l    u 

•093  J 

•46 

j  lOti 

.=  * 

RU 

•075 

88 

56^87 

J 

390 

5-6 

6-96 

HI 

■OTjSI 

•201 

1  78 

R 

•(il7 

•14 

1  67 

B 

•»48      ^'^^ 

6-6. 

62;U>8. 

•40 
•28 

.  -aoj 

4-6  J 

1    1 

;  18 

U 
RU 

t4« 

•2> 

'45i 

C 

R 

•076  J 

•30. 

;  12 

0 

RU 

•0211 

-391 

i 
7 

« 

W 

•041 

•25 

86t 

s 

T 

•044 

•080 

4-8] 

48-816 

•29 
"28 

'  -87 

865 1 

RU 
R 

•0H8 

•31 

R 

•012 

•11 

T 

\ 

•034 

41 

47,680 

215 

7-6 

2-88 

66      C-3 

12    es 

■0081 

•071 

R 

•Oil 

1 

•18 

W 

-095 

•OM^ 

6^. 

^JMA 

1 
t 

•85 
•16 

16. 

811 

5i 
i  86 

!fe 

W 

T 

■Oi7 

•16 

90 

^ 

T 

•004. 

H»j 

465i 

1 

TW 

•1011 

•861 

60 

RW 

■057 

•20 

46 

S3 

RW 

<J68 
•134 

•079 

9-81 

684881 

•23 
•60 

•88 

691 

2t  a 

VV 
W 

•075 

■36 

0»     p   . 

W 

•(►43  J 

•35] 

W 

058 

7-4 

48,304 

•236 

5-8 

42 

016' 

•181 

3    u;8 

W 

•oai» 

•26 

50»il|> 
U    =3 

W 

•m7 
•mjC 

•037 

6-0 

48,486j 

•OH 

on 

^    14. 

8-5] 

TW 
W 

■OI7 

•14 

2t 

Q 

w 

•OLGj 

•16 

1 

w 

•0471 

•401 

3 

u 

-037 

1 

•20 

40i 

K 

WT 

•037 
•01-2 

-041 

6K) 

46^1 

•27 
•27 

•86 

841 

3 
8 

a 

W 
W 

•or« 

•24 

20t 

a 

WT 

•030 

•18, 

Oi 

5>g 

W 

•030 

43 

48,255 

•186 

7-6 

2-40 

! 

S^ 

•0001 

•08  • 

9 

;§8 

W 

•Oil 

•15 

8 

W 

<^  >  018 

8-6 

40,684 

•24 
•13 

•11 

14 

37 

1    ^* 

^ 

WR 
W 

•<4W 

•07 

!  10 

0 

W 

•d^m 

J 

•03 

I    Bbi 

W 

L= 
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TABLE    E. 

NoTK.—  All  the  pieces  were  taken  pwrnisewmsl^  ftcm  Engineefs'  or  MtrdsA^ 
i  denotes  that  the  lavera  are  rather  imperfBcCly  w,:i>d: 


IndM 
Ko. 

i 

Naam  ofthe  Ifakm  or  Worka. 

ORIOI.NAL 

Wdght 
8t«.lyd 

BreaklBg  Weight 
psr  aqiurs  inch  of 

Tliick.  Bdth 

Aim 

-  . 

Tbkk    Bdlk      A-m 

1.         2. 

8. 

4. 

6.          6. 

1 

;  8L    9.    It 

inch.  inch. 

sq.in. 

lbs. 

Ibo.        Iha. 

.inch.     tM^'ft|..x 

eoi 
eo2 

608 

eo4 

Olasoow,  Ship  Beam. 

m                            ft 

•600  X  1-96 
•600  X  1-96 
•850  X  1-97 
•850  X  1-97 

•960 
•980 
•689 
•689 

1792 
1591 
1019 
1006 

60,456 
64,712 
64,575 
64,006, 

56,937 

^426  X  !«  .   TW 
•435  X  1 S5  '  :?»': 
•315  X  1-91  ,  *i 
■815  X  IW  -a^ 

006 
606 
607 
606 

I 

DuwDTTAV.  Ship  strap. 

m                            n 

•688  X  168 
•660  X  167 
■600  X  1^72 
•676  X  1-66 

1142 
1-086 
0-860 
0056 

1962 
1819 
1861 
1533 

66.6381 
65301 

64,858 
64,444j 

55.285 

•615  X  1-57  '  t<S 

1586  X  i-eo  t  •?» 
•460  X  i«     r*** 
-526  X  1-61  {  ^ 

609 
610 
611 

1 

MoMBVD,  Ship  Strap. 

m                              M 

•670  X  1-97 
•690  X  1-00 
1000  X  ito 

1123 
0-690 
1000 

1761 
780 
1088 

61,966^ 

44.797    45489 

39.534  J 

tS»  X  1-9  !  ««i 
•448  X  0«  '  «5 

■»15  X  096     -9^ 

612 
618 
614 
616 
616 
1  617 

1 

TnoRyKYCRorr,  Ship  Strap. 

i»                    It 

H                               m 

If                                        H 

H                                     «r 

•480  X  1-97 
•470  X  1-72 
•600  X  1^06 
•470  X  2-00 
•470  X  2^ 
'600  X  1-96 

■946 
■808 
•980 
•940 
•940 
•980 

1560 
1276 
1536 
1419 
1404 
1861 

66.649] 

65.443 

63,112 

51.917 

51,470 

48>141, 

1 
62,789 

•446  X  1-92     "S^ 
•395  X  1«     ^ 
•465  X  1«  1    t^ 
•428  X  1-96     -Sr. 
•438  X  192i  «: 
•470  X  1-90  1  -^3 

618 
619 
620 
621 

1 

CoK9im,  Ship  Angle-iron. 

m                            m 

tf                                     w 

•570  w  i-ee 

•528  »tt    172 
•700  w   1-00 

•946 
■946 
■908 
•700 

1533 
1504 
1334 
762 

64,902^ 
43,037  J 

•512 «    1-57     ^-« 
•525 «    1-59      s' 
•600m    1«     ^ 
•640m   09!  1  «1 

622 
623 
624 
626 

1 

00 

DOWLAI0,  Ship  Beam. 

n                           ft 

1520  X  1-79 
•5JW  X  1  79 
•630  X  1-79 
•625  X  1-97 

•931 

•949 

•949 

1034 

1183 
1146 
1047 
1076 

48^171 
43370 
40,449 
87,909, 

4L886 

•478  X  1-74  1  -?K 
•483  X  1-70  ;   -iS: 
•606  X  1-73  '  -ifc^ 
•484  X  -915  j  ■&« 

1 
1 

1 
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>x'<pSt  except  those  marked  Sampht^  which  irero  reoefved  from  tho  Makers. 
k>a^  fracture :  s,  sixo  at  smallest  part ;  m,  mean  thickness. 


Breakinir  Weiplit 

ELONOA1IOK. 

1 

Ftt\CT!TnE.                ! 

PracCiared  uid  Oristnal 
Aru. 

per  iqDare  indi  of 
Fractured  Are«. 

OrlglDAl  LenjTth  ofstnetehfid  Psrtia 
Column  21. 

1    Cr,f 

CoL 

Kiiul. 

86. 

11.      K. 

14. 

16. 

18.     19. 

81. 

88. 

84. 

88. 

Bq.ln.   aq.in. 

ft' cent. 

lbs. 

Inch.  inch. 

inch. 

VCL 

«vct. 

-S141 
-175   .    -41 

16-0 

67^06 

119' 
•92 
•66 

•eo 

-88 

7-6 

10-79 

44 

12 
3 
3 

1 

R 

RU 
U 
U 

-1T61 

-o©2      ^" 
-iioj 

ISO 

63635 

•««1 
•67 
•47 

•61 

7-6 

803 

46 

14 
18t 
26 

i 

R 
RC 
RU 
RU 

-1311 

-OSftV  087 
•074J 

M 

60,469 

•461 
•28    -89 

•isj 

6-6 

618 

63 

1« 
90i 

R 
W 
T 

•O021 
-172 

-101 
•106 
-118 
•087. 

•118 

181 

69,918 

•481 

•9« 

•68 

•48 

•60 

'46. 

•61 

76 

803 

88 

0 

7 
46t 

1 
9 

1 

R 

N 

NU 

R 

NU 
NU 

-1421 

111    ..iflB 
,         -078       *" 
1          -079] 

U7 

68.201 

•43] 
•60 

•48j 

M 

7-6 

6-79 

36 
It 

I8i 
Obi 

i 

R 

U 

RU 

W 

!         -0991 

I         '*-^  y  -COS 
-0&4  f   ^ 

■<»90j 

9-8 

46,844 

•30] 

-      -40 
•20 

•20j 

•87 

66 

4-82 

1» 

40 

8 

li 

X 
X 
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Mentbers. 


List  of  Honorary  Members^   Members^  Associates^  and   Graduates  of  the 
Institution  of  Engineebs  in  Scotland,  at  the  Termina^n  of  the 

Second  Session,  1858-59. 

HONORARY  MEMBERS. 

TuoAiAS,  Earl  of  Duxdokald,  G.C.B.,  Admiral  of  the  Red,  Rear-Admind  of  the  Fleet,  4c, 

James  Walker,  C.E.,  LL.D.,  F.R.SS.L.  &  E.,  Past  President  of  the  Inst  of  Cira  Engineers. 

James  Prescott  Joule,  LL.D.,  F.R.S. 

Charles  Piazzi  Smyth,  F.R.SS.L.  &  E.,  Astronomer  Royal  for  Scotland. 

William  Fairbairn,  C.E.,  F.R.S.,  F.G.S. 

William  Thomson,  A.M.,  LL.D.,  F.R.SS.L.  &  E.,  Professor  of  Natural  Philosophy  is  the 

University  of  Glasgow 

Robert  STEPHja<soN,  M.P.,  C.E. 

Professor  R.  Clausius,  of  Zurich. 


John 

Addison, 

James 

Aitken,  jun., 

William 

Alexander, 

Alexander 

Allan, 

David 

Auld, 

Andrew 

Barclay, 

Hugh 

Bartholomew, 

John 

Bawden, 

R.  Bruce 

Bell, 

Robert 

Blackwood, 

Benjamin  H 

.  Blyth, 

Andrew 

Brown, 

Thomas 

Brown, 

James 

Brownlee, 

James  T. 

Caird, 

Duncan 

Cameron, 

James      * 

Campbell, 

Alexander 

Chaplin, 

Daniel  K. 

CUrk, 
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The  Fikst  Meeting  of  the  Session  was  held  in  the  Philosophical  Society's 
Hail,  Andersonian  Buildings,  George  Street,  Glasgow,  on  Wednesday, 
26th  October,  1859 — Waltee  M.  Neilson,  Esq.,  President,  in  the  chair. 


The  Pbbsidbnt  deUvered  the  following  Introductory  Address : — 

Gektlehen — ^This  being  the  first  time  I  have  been  called  upon  to  preside 
OTer  your  meetings,  I  must  take  the  opportunity  of  acknowledging  the 
compliment  you  have  paid  me  in  electing  me  your  President ;  but  at  the 
same  time  you  must  permit  me  to  express  my  regret  that  I  am  not  more 
able  to  discharge  the  duties  I  may  be  called  upon  to  perform.  This  I  feel 
more  particularly,  when  remembering  that  I  succeed  my  Mend,  Professor 
Macquom  Kankine,  who  has  so  ably  filled  this  chair  during  the  past  two 
sessions.  I  therefore  ask  your  assistance  in  conducting  these  meetings, 
and  in  any  other  matters  I  may  be  called  upon  to  undertake. 

It  is  now  my  duty,  in  opening  this  our  Third  Session,  to  take  a  cursory 
view  of  what  we  have  done  in  the  past  year,  and  lay  before  you,  as  far 
as  I  am  able,  somewhat  of  a  prospectiTC  view  of  the  subjects  more 
immediately  before  us  for  consideration  in  promoting  the  objects  of  our 
Institution. 

I  have  much  pleasure  in  being  able  to  state,  that  our  Institution  con- 
tinues to  prosper  and  improve,  as  the  reports  laid  before  you  will  show. 
Our  numbers  increase ;  our  funds  are  sufficient,  leaving  a  small  balance  to 
our  credit ;  and  what  perhaps  is  as  important  and  satis&ctory,  a  greater 
interest  in  our  fiivour  seems  to  be  springing  up  among  those  from  whom 
we  are  entitled  to  look  for  support  and  co-operation. 

Our  papers  last  Sessioii  were  not  numerous,  but  highly  important ;  and 
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the  spirited  discussions  to  which  many  of  them  gave  rise,  are  a  yery  satis- 
fnetovj  proof  of  the  interest  our  members  take  in  the  sabjects  brought 
before  them. 

It  is  unnecessary  to  enumerate  in  detail  the  rarious  papen  that  hare 
been  read,  as  they  are  printed  in  cm  Transactions  for  the  year. 

The  papers  on  the  Economic  use  of  Steam,  by  Mr.  Carmichael  and  odiersr 
gave  ample  opportunity  for  the  expression  of  opinion,  and  the  inquiry 
into  fifcts  on  this  all-important  question,  from  which  mxich  in£»rmatioii 
ihtght  be  gained,  particularly  when  aided  by  the  sound  and  standard 
data  of  our  Talued  member,  Dr.  Rankine,  from  whom  I  hope  we  will 
receive  this  Session  additional  information  as  to  the  results  of  hb  ioTes- 
tigations  into  this  subject. 

The  very  practical  matter  of  burning  coal  in  locomotire  engines,  was 
frdly  illustrated  by  Mr.  Stirling,  Mr.  Clark,  and  Mr.  Yarrow ;  and  the 
particulars  of  the  experience  of  other  engineers,  detailed  during  the  length- 
^led  and  interesting  discussions  on  this  subject,  brought  out  important 
practical  conclusions.  As  these  gentlemen  will  now  have  had  still  greater 
experience  of  the  various  plans  exhibited  to  us,  we  may  expect  frirther 
communications  from  them  as  to  their  practice. 

We  must  notice  the  Valuable  paper  by  Mr.  Bell  on  Patent  Slip  Docks. 
The  immense  convenience  of  these  slip  docks  for  such  ports  as  our  Clyde, 
is  well  known  and  appreciated  by  shipowners.  Much  praise  is  due  to  Mr. 
Bell  and  his  partner,  Mr.  Miller,  for  the  labour  and  attention  they  have 
bestowed  in  perfecting  this  important  branch  of  engineering. 

The  various  papers  and  discussions  on  marine  engines  and  steam- 
tessels,  British  and  American,  could  not  hai  to  be  interesting.  I  think, 
however,  we  might  have  more  communieationB  on  marine  madnneiy. 
The  subject  is  a  large  and  important  one ;  there  can  be  no  want  of  e^ie- 
rimental  data  and  peculiar  results  amongst  a  large  section  of  our  memben, 
which  would  be  of  value  if  recorded,  and  form  most  interesting  subjects 
of  inquiry  at  our  meetings. 

The  subject  of  Patent-law  Refotm,  which  was  brought  before  our  notice 
by  our  secretary,  ought  still  to  have  our  attention.  Whatever  may  be 
the  di£ference  of  opinion  as  to  the  scale  of  charges  enacted  by  our  legis- 
lature for  the  privileges  given  to  inventors,  there  can  be  no  difference 
of  opinion  as  to  the  propriety,  or,  I  ought  to  say,  the  justice  of  applying 
the  immense  revenue  obtained  from  patentees  to  the  erection  and  main- 
tenance of  large  museums,  for  the  reception  and  exhibition  of  nodelB  of 
patents ;  and  to  the  establishment  of  libraries  for  specificationsy  where,  by 
proper  care  and  arrangement,  they  might  at  all  times  be  consulted  with* 
out  inconvenience. 

We  have  had  few  papers  on  miscellaneous  subjects,  such  as  those  on 
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frictioiuil  gear,  by  Mr.  Robertson ;  «nd  on  centrifuge  piunps,  by  Piofessor 
James  Thomson.  Althou^  snob  oommunicaticoM  may  not  of  tbemaelva? 
bear  directly  on  any  important  brancb  of  engineering  that  may  be  before 
the  woildy  still  I  ccMisider  this  class  of  papers  of  great  value,  more  parti- 
cularly those  which  relate  to  improvements  in  machines  or  tools.  We 
are  much  iadebted  to  the  great  peHectaoa  to  which  tools  and  machines 
have  been  brought  for  the  present  state  of  constructive  engineering,  in 
whatever  department,  and  for  the  great  monnmients  of  engineering  skill 
and  enterprise  that  have  been  raised  of  late  years.  No  positive  improve- 
ment on  any  tool  or  machine  ought  to  be  considered  too  trifling  a  matter 
to  iMring  before  our  meetings. 

The  very  valuable  results  of  experiments  on  the  strength  of  wrought-iron 
and  steel,  presented  by  Messrs.  R.  Napier  &  Sons,  deserve  special  notice. 
These  gentlemen,  in  making  experiments,  originally  for  their  own  par- 
ticular information,  carried  them  out  to  an  extent,  and  put  them  into  a 
form,  which  will  be  found  most  useful ;  and  with  their  usual  liberality, 
presented  the  whole  to  our  Institution,  to  be  printed  in  the  Transactions. 
The  most  scrupulous  <care  and  attention  bestowed  upon  these  experimei^ 
bj  Mr.  David  KirkaMy,  under  whose  immediate  siq)erinttt[idence  tliey 
were  oonducted,  has  contributed  very  considerably  to  the  value  of  the 
production ;  and  the  manner  in  which  the  results  have  been  brought  out, 
in  the  distinct  tabulated  form,  is  highly  creditable  to  him.  We  have 
elaborate  and  reliid>le  experiments  on  the  strength  of  oast-iron,  in 
various  forms,  by  Hodgldnson,  Fairbairn,  and  others;  but  there  have 
not  been  sufficient  investigations  into  the  strength  of  the  various  kinds 
of  malleable  or  manu&etured  iron.  This  deficiency  will,  we  trust,  be 
supplied  by  '^Napier^s  experiments  on  wrought-iron.''  At  the  present 
time,  when  the  construction  of  iron  bridges  on  such  principles  as  will 
require  the  least  amount  of  material,  occupies  so  much  the  attention  of 
engineers,  a  knowledge  «f  the  correct  value  of  the  material  they  have  to 
deal  with  is  of  the  yerj  highest  importance.  .  Great  exertions,  too,  are 
being  made  by  manufiicturers  to  produce  an  iron  of  higher  quality  than 
hitherto  known,  at  a  moderate  cost;  and  it  is  most  desirable  that  some 
standard  data  be  established,  by  which  they  may  compare  the  result  of 
their  labours.  I  trust  the  Messrs.  Napier  will  allow  those  experiments  to 
be  carried  out  much  farther,  and  that  Mr.  Kirkaldy  will  communicate  to 
us  the  result  of  his  observations  and  experience  in  conducting  them, 
as  I  have  reason  to  believe  he  would  bring  before  us  some  very  inter- 
•esling  and  striking  &cts,  which  have  never  yet  been  noticed,  and  add 
still  more  to  the  value  of  his  labours,  for  which  we  are  so  much  indebted. 

Your  Council  took  a  leading  part  in  an  attempt  to  form  an  association 
in  Scotland,  similar  to  what  exists  in  England,  for  the  prevention  of  boiler 
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explosions,  the  economy  of  liiel,  and  prerentaon  of  smoke.  Our  exertioitt, 
liowerer,  met  with  no  support  from  the  public,  nor  from  those  for  whose 
benefit  more  particuhirlj  the  association  was  proposed*-eYen  those  of  our 
ciTil  authorities  who  used  boilers  and  produced  smoke,  declined  to  join 
in  the  undertaking,  which  was  consequentlj  abandoned. 

The  past  year's  Transactions  contain  memoirs  of  the  late  Mr.  Dmrid 
Tod  and  Mr.  Daniel  Mackain,  deceased  members  of  our  Institatian,  men 
whose  unbroken  friendship  I  have  for  many  years  enjoyed.  Mr.  Mackaiw 
took  a  yeiy  lively  interest  in  our  Institution,  and  we  are  mnch  indebted 
to  him  for  his  zealous  assistance,  when  in  our  infancy  as  a  society. 

Gentlemen— I  feel  it  is  good  to  meet  together  as  we  now  do,  were  it 
only  that  we  might  know  each  other  better,  and  be  better  able  to  appre- 
ciate each  other's  worth,  and  mourn  each  other's  loss,  as  one  by  one  we 
leave  the  fields  of  our  labours. 

The  questi()n  of  a  decimal  system  of  weights  and  measures  is  stiUmndi 
discussed.  While  it  is  eveiywhere  admitted  our  systems  are  bad,  and 
ought,  as  soon  as  possible,  to  be  changed,  what  decimal  system  to  adopt,  and 
how  to  set  about  it,  is  a  very  vexed  question.  The  advocates  of  Mr. 
Whitworth's  system  of  the  inch  divided  into  a  thousand  parts  appesr 
resolved  to  push  it  into  the  workshops,  while  the  conmiittee  appointed  by 
the  ''  British  and  International  Decimal  Association,''  has  reported  in 
lavour  of  the  adoption  entire  of  the  French  metrical  system.  As  you  are 
aware,  I  do  not  agree  with  those  who  insist  upon  retaining  our  inch  ts 
the  standard  unit  of  measure  of  a  new  system ;  to  do  so,  would  be  to 
commit)  in  my  opinion,  a  grievous  error.  The  metre,  as  subdivided  bj 
the  French,  appears  to  me  to  be  as  perfect  a  system  as  could  be  devised, 
and  in  eveiy  way  most  suitable  for  the  purposes  of  the  engineer.  The 
arguments  in  favour  of  this  system  are  many  and  powerful,  and  the  diffi- 
culties in  the  way  of  its  becoming  imiversal  are,  I  consider,  little  if  any 
greater,  than  would  exist  in  the  changes  that  would  be  caused  by  adopting 
any  other  decimal  system.  So  far  as  we  are  more  immediately  concerned, 
the  question  of  measures  is  perhaps  more  important  to  us  than  that  of 
weights,  and  as  the  matter  will  in  all  likelihood  be  decided  rather  by  the 
adoption  of  one  system  or  another  by  some  of  the  leading  engineers  than 
by  any  act  of  the  Legislature,  it  would  be  well  that  the  members  of  this 
Institution  should  consider  what  they  would  recommend  for  the  assistance 
and  guidance  of  others. 

The  economy  of  the  steam-engine  at  present  occupies  much  attention, 
more  particularly  as  applied  to  propelling  vessels.  The  searching  inves- 
tigations of  those  scientific  men  who  make  it  their  province  to  inquire  into 
the  laws  which  regulate  the  action  of  heat  in  steam,  and  the. skilful  applica- 
tion of  the  knowledge  to  practice,  now  being  carried  out  by  many  enter- 
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prising  engineers,  is  likely  soon  to  be  prodnctiTe  of  results  which  will  be 
most  Tslnable  to  the  commerce  of  our  country.  It  is  gratifying  to  find 
our  own  Clyde  foremost  in  this  progress.  Steam  first  floated  on  her 
iraters ;  she  first  gare  to  the  sea-waTes  iron-built  ships ;  and  I  trust  she 
ever  will  be  first  in  the  perfecting  of  her  offipring. 

Your  late  President,  in  his  last  year's  address,  noticed  the  successful 
efforts  of  Messrs.  Randolph  &  Elder,  who  in  the  economy  of  fuel  of  marine 
engines  had  surpassed  all  other  makers.  We  may  now  add  the  efforts  of 
Mr.  John  M.  Rowan,  as  haying  gone  beyond  an  experiment  in  obtaining 
a  still  greater  economy — a  result  which  has  created  among  engineers  and 
siiipowners  a  considerable  degree  of  excitement  and  expectation,  and  I 
doubt  not  it  ¥rill  ere  long  be  proved  that  the  system  adopted  is  the  one  to 
which  we  must  look  for  economy  of  fuel  in  our  marine  engines. 

I  do  not  intend  to  enter  into  the  theoretical  question  of  the  conduct  of 
heat,  as  produced  on  the  grate  bars  by  the  chemical  action  of  combustion, 
and  communicated  to  water  as  the  best  medium  we  know  by  which  to 
develop  its  force  in  the  steam-engine.  Much  has  been  written  and 
yet  will  be  written  on  each  successive  step,  and  much  has  to  be  done, 
as  we  are  evidently  yet  far  firom  perfection  in  any  point  of  the  process. 
Professor  Rankine,  at  the  commencement  of  last  Session,  drew  your 
attention  to  several  important  facts  relative  to  the  laws  which  regulate 
the  mechanical  action  of  heat  in  steam.  We  are  much  indebted  to  him 
and  to  Dr.  Joule  of  Manchester  (now  an  honorary  member  of  our 
Institution)  for  their  valuable  researches  into  this  subject.  The  attention 
of  practical  engineers  ought  to  be  given  to  the  results  of  these  researches. 
We  are  apt  to  overlook  that  it  is  heat,  and  not  steam  merely,  we  must 
deal  with.  The  combustion  of  the  fuel  ought  to  be  so  effected,'  that  the 
greatest  possible  quantity  of  the  heat  obtained  should  be  communicated  to 
the  water,  and  as  little  as  possible  lost  or  wasted  by  improper  arrangement 
of  the  furnace,  management  of  the  fire,  or  of  the  draught.  Much  heat  is 
necessarily  carried  off  in  the  products  of  combustion,  which  we  have  as 
yet  no  means  of  utilizing.  The  question  of  volume  of  steam  used  in  the 
cylinder  of  the  steam-engine,  so  as  to  develop  the  greatest  amount  of  force 
from  a  given  amount  of  heat,  is  an  important  one.  We  may  have  the  same 
quantity  of  heat  either  in  a  smaller  or  larger  volume  of  steam ;  and  if 
we  condescend  upon  the  limits  to  which  the  elastic  force  of  the  steam 
be  allowed  to  extend,  then  it  would  appear  that  the  smaller  volume  of 
steam  containing  the  greater  quantity  of  heat  employed  as  the  initial  volume 
to  be  acted  upon,  gives  the  greater  economical  result  in  force  developed. 
As  steam  on  its  expansion  decreases  in  temperature,  no  portion  of  its 
original  heat  should  be  allowed  to  be  taken  from  it  by  any  external 
agency  during  its  action  in  the  cylinder.     Not  only  ought  the  steam  to  be 
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maintained  at  its  maximum  denatj,  for  its  aotoal  temperatare  doe  to  tiie 
amount  of  expansion,  bat  oonaiderahle  gain  of  elastic  fierce  may  be 
obtained  bj  increments  of  heat,  according  to  the  law  of  elastic  flmds;  sad 
particles  of  water  held  in  saqpension,  may  also  tliereby  be  converted  into 
steam.  Steam  jackets,  or  other  means  of  muntaining  the  eylinden  si  or 
above  the  original  temperature  of  the  steam,  consequentlj  effisot  eocmomy 
in  this  respect.  Superheating  steam,  in  its  passage  from  the  boikr  to  the 
cylinder,  has  been  practically  found  by  Mr.  Penu  of  Greenwich  to  give  an 
economy  of  about  20  per  cent,  oyer  the  ordinary  use  of  the  same  steam  in 
marine  boilers.  It  would  be  interesting  to  know  the  oomparatrre  economy 
obtainable  by  similarly  superheating  the  steam  in  a  steam  jacket  round 
the  cylinder.  I  apprehend,  however,  a  practical  difficulty  will  be  ibund  in 
using  anhydrous  steam  at  high  tempenatures,  from  the  absence  of  thai 
lubrication  which  saturated  steam  provides.  Superheating  may  no  doubt 
be  applied  with  advantage  to  ezirting  steam  boilers  and  engines,  but  it 
appears  to  me  the  great  economy  is  to  be  looked  for  in  the  proper  nse  of 
steam  at  high  pressures,  or  rather  high  temperatuxes.  For  marine  engines 
this  necessarily  requires  warhce  condensation,  to  obtain  pure  water  for 
the  supply  of  the  boilers.  The  three  grand  requirements  may  be  stated 
as*— a  safe  and  suitable  boikr  for  pressures  of  lOOttw  and  upwards ;  a  good 
arrangement  of  engine  to  receive  the  initisl  force  of  the  steam  without 
shock  or  liability  to  derangement,  and  carry  out  expansion  to  the  gieateit 
practical  limits;  and  lastly,  an  efficient  surface  condenser.  I  have  for 
many  years  looked  ibrward,  with  unshaken  confidence,  to  the  time  when 
long  sea  voyages  would  be  practicable  and  profitable  by  the  means  I  have 
just  named,  and  it  gives  me  the  greatest  pleasure  and  satitfaotiwi  now  to 
believe  that  that  time  is  at  hand,  if  not  already  come. 

Without  any  acknowledged  principle  or  rule,  shipbuilders  seem  to  hare 
arrived  at  considerable  perfection  in  the  form  of  their  vessels.  Neverthe- 
less, the  importance  of  the  discovery  of  some  law  by  which  these  iarmB 
would  be  more  definitely  regulated,  is  acknowledged  by  bodi  scientific  and 
practical  men.  As  you  are  aware,  a  committee  appointed  by  the  British 
Association  have  had  this  subject  under  their  consideration  for  some  time, 
and  are  endeavouring  to  collect  data  fi>r  their  guidance;  but  as  yet  we 
have  had  no  particular  results  firom  their  labours.  It  is  much  to  be 
regretted  that  our  own  members  do  not  bring  befoie  us  draugbts  of 
vessels  they  may  have  built,  with  their  results.  It  is  needless  to  oba»ve 
how  much  such  a  practice  would  assist  in  arriving  at  a  more  definite 
knowledge  of  the  proper  forms  of  vessels,  an  object  as  much  to  be  deeired 
by  the  builders  themsdves  as  by  this  Institution  or  the  publia  No 
doubt  the  skill  possessed  by  a  shipbiulder  in  forming  his  vessel,  is.  a  valu* 
able  part  of  the  capital  of  his  business.     But  the  general  good  that  would 
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ficcn&e  from  the  perfecting  of  snch  an  importani  art  as  ^e  modelling  of 
Te83elfl,  ought  to  outweigh  all  narrow-minded  or  selfish  considerations. 
I  would  therefore  appeal  to  the  liberal  spirit  of  our  shipbuilders,  and 
shotdd  it  be  considered  desirable  not  to  publish  to  the  world  snch  data 
aa  thej  may  favour  us  with,  the  information  might  be  retained  for  the 
ezclusiye  use  of  our  own  members,  and  not  printed  in  our  Transactions, 
unless  by  special  permission. 

It  is  gratifying  to  notice  the  success  of  the  spirited  efforts  to  obtain  high 
speed  by  our  river  steamers.  We  may  safely  say  that  no  steamers  in  the 
world  surpass  some  of  those  on  the  Clyde  in  speed.  The  power,  in  proper* 
tion  to  the  displacement  necessary  for  such  speeds  as  twenty  miles  an  hour 
and  upwards,  is  indeed  very  great.  Bat  when  speed  is  essential  to  success, 
as  is  the  case  with  the  steamers  in  question,  the  cost  is  warrantable. 

It  is  very  difGsrent,  however,  with  the  bulk  of  sea-going  steamers,  where 
cargo,  and  not  passengers,  is  what  profits  must  be  made  from.  The  true 
valne  of  such  vessels  may  almost  be  reduced  to  the  two  following  pro* 
perties— quantity  carried ;  and  cost  per  mile.  It  is  by  these  a  merchant 
shipowner  ought  to  judge  of  the  value  of  his  ship,  not  by  its  length, 
breadth,  or  horses  power;  these  last  may  be  left  to  the  builder  and 
engineer,  and  may  constitute  the  cost,  but  not  the  true  value  of  the  vessel. 

The  construction  of  light  draught  paddle  steamers  for  shallow  river 
navigation,  has  of  late  had  more  than  ordinary  attention*  Several  such 
vesseb  for  towing  trains  of  barges,  have  been  sent  to  India;  but  with 
what  success  they  have  performed  the  work  anticipated,  has  not  yet  been 
made  public.  The  difficulty  in  steaming  against  strong  currents  in  shallow 
rivers  is  very  great ;  the  practicability,  in  a  commercial  point  of  view, 
may  even  yet  be  questionable,  and  some  means  may  have  to  be  resorted 
to,  by  which  the  power  may  be  applied  to  the  bed  of  the  river,  instead 
of  the  shallow,  rapid-running  stream,  with  which  so  much  power  must  be 
expended  to  obtain  sufficient  resistance. 

The  use  of  the  propeller  in  canal  navigation  continues  to  give  satisfiu;- 
tory  results.  A  vessel  is  now  completed  to  carry  passengers  on  the  Forth 
and  Clyde  Canal,  propelled  by  a  screw.  £ven  coal  barges  can  be  con* 
veyed  more  economically  by  propeller  engines  than  by  horses.  A  simple, 
cheap,  and  easily-applied  arrangement  of  machinery  is  much  wanted  for 
this  purpose.  The  power  necessary  to  propel  a  coal  barge  at  the  slow 
speed  required  is  so  small,  that  one  of  our  members,  Mr.  James  Ferguson, 
suggested  a  compact  portfi)>le  engine  might  be  made,  to  fix  to  the  deck  of 
any  barge,  and  be  removed  to  another  while  the  loading  and  discharging 
was  being  done.  Certainly  such  a  scheme  does  not  appear  impracticable, 
and  would  be  very  economical  for  the  coalmaster. 

The  enormous  capital  invested  in  railways  causes  the  question  of 
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railway  economy  to  be  one  of  the  greatest  importance  in  the  hands  of 
engineers.  If  by  any  means  the  working  expenses  of  railways  (aTcraging 
about  nearly  the  half  of  the  whole  receipts)  could  be  reduced,  a  great 
boon  would  be  conferred  upon  the  public.  It  may  not  be  expected  that 
this  much-desired  object  wiU  be  accomplished  by  one  great  or  sudden 
step ;  on  the  contrary,  it  would  appear  more  reasonable  to  expect  that  the 
persevering  efforts  and  attention  of  the  engineer  should,  by  gradual  means 
and  many  small  improvements,  bring  us  to  a  more  satisfiictoiy  position  in 
this  matter.  I  may  mention  the  use  of  coal  instead  of  coke,  in  the  locomo- 
tive engine,  as  one  great  step  towards  the  end  in  question.  The  piacti' 
cability  of  using  coal  instead  of  coke  in  the  locomotive,  without  producing 
an  offensive  quantity  of  smoke,  is  now  admitted.  We,  however,  have  yet  to 
know  which  of  the  numerous  schemes  before  us — some  involving  compli- 
cated arrangements,  others  remarkable  for  their  simplicity — gives  the  best 
economic  results.  Much  valuable  information  is  yet  to  be  obtained  from 
reliable  experiments  on  the  various  kinds  of  coal,  both  as  regards  the 
economy  in  steaming,  and  the  effects  produced  upon  the  fire-box  and 
tubes  by  impurities  in  the  coal. 

In  a  series  of  experiments  now  being  made  upon  a  railway  out  of  London, 
some  extraordinary  results  have  been  obtained  by  the  use  of  water  as  a 
lubricator  for  carriage  axles.  After  running  1600  miles,  a  bush  was 
taken  out  of  an  axle-box  and  weighed;  on  being  compared  with  a 
similar  bush  that  had  run  the  same  distance  with  ordinary  grease,  it  was 
found  the  bush  with  grease  as  a  lubricator  had  lost  seven  times  the  weight 
the  bush  with  water  as  a  lubricator  had  lost.  The  great  superiority  of 
water  as  a  lubricator  over  any  other  substance  known,  seems  to  be  satis- 
fitctorily  substantiated ;  but  the  difficulty  of  retaining  the  water  in  the 
axle-box  had  not  been  completely  overcome,  although  runs  of  upwards 
of  800  miles  had  been  repeatedly  accomplished,  without  any  additional 
supply  of  water  having  been  required. 

Efforts  have  been  made  to  obtain  a  more  effective  mode  of  quickly 
braking  a  train,  in  order  to  avoid  as  much  as  possible  accidents  from 
collisions.  Various  schemes  have  been  experimented  upon,  and  put 
before  the  public  Without  enumerating  them,  I  would  only  remark, 
that  we  not  only  require  a  brake  that  may  give  satisfactory  results  at  an 
experiment,  when  the  men  are  prepared  to  work  them  and  everything  is 
put  in  the  best  of  order  for  trial ;  we  require  some  simple  arrangement 
that  needs  no  preparation,  but  in  the  ordinary  handling  of  a  train  is 
alwa3rs  ready  to  be  acted  upon.  The  engine-driver,  I  apprehend,  is  the 
proper  person  in  whose  hands  the  safety  brake  ought  to  be  put ;  his  eye 
is  always  on  the  road;  and  if  he  could  suddenly  brake  all  the  wheels  of 
his  engine  and  tender,  which  together  often  equal  the  weight  of  the  whole 
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traifi,  the  conciuaion  ^wotdd  be  sufficient  oommiuucation  to  the  goards  to 
let  off  their  brakes  by  some  spring  and  catch  arrangement  such  as  pro- 
posed by  several  inventors. 

Mnch  has  been  done  of  late  years  in  the  more  economical  construcdon 
of  the  permanent  way.  The  average  cost  of  lines  of  railway  made  during 
the  last  ten  years  may  be  taken  at  £10,000  per  mile,  whilst  for  railways 
made  before  that  time  the  average  cost  was  abont  £84,000  per  mile. 
Recently,  however,  single  lines  have  been  made  in  Scotiand  at  as  low  as 
about  £5000  per  mile.  The  enormous  cost  in  forming  lines  with  ordinary 
gradients,  in  un&vourable  localities,  is  strikingly  exemplified  by  those 
great  structures,  which,  whilst  they  give  to  the  engineer  opportunities 
of  displaying  that  skill  and  experience  we  may  have  reason  to  be 
proud  of,  at  the  same  time  render  many  great  undertakings  all  but 
ruinous  to  thdr  promoten.  Should  it  be  impossible  altogether  to  avoid 
the  necessity  of  such  works,  it  is  not  unreasonable  to  expect  IJiat  means 
may  yet  be  discovered  very  much  to  diminish  the  cost  of  them.  One 
thing  is  evident,  unless  we  can  faU  upon  some  less  expensive  railway 
system,  many  thinly  populated  districts  of  our  country  must  long  remain 
shut  out  Irom  that  busy  intercourse  in  which  progress  and  improvement 
«re  found,  and  landowners  there  must  be  content  with  the  diminished 
▼mine  of  their  lands. 

Civil  engineers  have  had  full  sway  over  the  immense  capital  placed  at 
their  disposal  in  carrying  out  the  objects  of  the  promoters  of  our  great 
schemes,  undertaken  for  the  investment  of  surplus  capital,  and  for  the 
ben^t  of  the  district  of  country  in  which  the  undertaking  may  have  been 
located.  In  one  view,  it  may  not  be  matter  of  regret  that  the  engineer 
has  somewhat  ovetloc^ed  the  second  or  ultimate  object  desired*  It  has 
given  us  the  great  works  we  have  alluded  to,  and  the  results  of  many 
e2^>eriments,  which,  under  other  circumstances,  the  world  could  not  have 
possessed.  But,  unfortunately,  it  has  also  bequeathed  to  many  of  these 
localities,  fiivoured  with  such  railway  monuments,  a  perpetual  and  heavy 
tax  upon  that  great  necessity  of  their  lives,  locomotion.  We  cannot  blame 
those  men  who  have  Hved,  and  been  the  instruments  by  their  great  genius, 
sldl^  and  industry,  to  fulfil  the  needy  capitalist's  demands.  Their  labours 
have  been  honourable,  and  their  works  most  useful  as  examples  of  the 
past ;  but  now,  may  we  not  rest  satisfied,  may  we  not  even  be  satiated, 
with  great  works,  and  for  the  future  be  prepared  to  give  the  palm  to 
economy  of  capital,  in  carrying  out  the  many  great  and  useful  woriu 
yet  requisite  to  supply  the  wants  of  advanced  civilization  ? 

The  field  of  civil  engineering  is  a  large  one,  and  I  cannot  within  the 
limits  of  this  short  address,  even  were  I  capable,  attempt  to  go  over  in 
detail  the  various  departments,  in  which  we  would  find  a  vast  amount  of 
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important  and  interesting  subjects  for  inquiry  and  discnsaon.  Hie  rerj 
great  and  apparently  difficult  work  of  the  drainage  of  oar  large  and 
increasing  towns  yet  to  be  accomplished,  would  of  itself  if  tcmdied  upoB, 
occupy  all  our  time  and  attention;  not  to  mention  the  supply  of  towDs 
with  water,  of  which,  perhaps,  we  have  the  finest  example  in  the  worid 
in  our  Loch  Katrine  scheme,  all  but  completed.  The  oonstraction  of 
harbours,  docks,  river  and  canal  navigation,  telegraph  works,  and  many 
others  I  must  pass  over,  in  the  hopes  that  at  a  future  time  ihej  may  be 
taken  up  by  more  able  hands. 

Your  late  President  last  Session  stated,  he  was  sure  that  all  the  members 
concurred  with  him  in  regretting  that  that  unparalleled  work  of  Mr. 
Brunei  and  Mr.  Scott  Russell  was  still  unfinishedi  I  am  sure  we  must 
now  feel  much  gratified  that  the  Ortat  EasUm  is  at  last,  we  may  say, 
finished.  The  result  of  the  gigantic  practical  experiment  to  be  made  by 
this  utmost  effort  of  the  enterprise  and  skill  of  our  country,  is  looked 
forward  to  with  almost  feverish  expectation  by  all  engineexa,  and  not 
without  great  interest  by  the  world  at  large. 

We  cannot  but  pause  here  to  pay  a  passing  tribute  to  the  memory  of 
Mr.  Brunei,  who,  notwithstanding  his  fidlures  and  his  finults,  was  still  a 
great  engineer.  Borne  down  by  difficulties  in  realizing  those  gigantic 
schemes  which  overwhelmed  him  by  their  greatness,  it  was  sad  to  see  him 
fiill  at  the  moment  when  his  greatest  but  most  hard-won  victory  seemed 
all  but  gained 

But  we  have  also  now  to  lament  the  loss  of  another  chief,  whose  career 
was  more  successful,  and  his  works  not  less  great  It  becomes  us,  met  as  we 
now  are,  to  express  our  sorrow  for  the  death  of  Robert  Stephenson,  aod 
pay  our  meet  tribute  to  his  memory.  Although  a  stranger  to  us  here  in 
person,  his  name  was  fiimiliar  with  us  as  a  household  word.  Who  among 
us  does  not  know  the  works  of  this  great  man  ?  They  are  monuments 
from  which  ages  will  not  effiice  his  memory.  I  will  not  presume  but  to 
repeat  what  has  already  been  a  thousand  times  repeated  of  him,  who,  like 
all  truly  great  men,  ''  was  as  good  as  he  was  great ;  and  the  man  was  even 
more  to  be  admired  than  the  engineer.  His  benevolence  was  unbounded, 
a  man  of  the  soundest  judgment  and  the  strictest  probity ;  with  a  n«b]e 
heart,  and  most  genial  manners,  he  won  the  confidence  of  all  who  knew 
him.  Without  a  spark  of  professional  jealousy  in  his  own  nature,  he  was 
Uked  by  all  his  fellow- engineers.  He  has  passed  away,  if  not  very  fuU  of 
years,  yet  very  full  of  honours.  The  creator  of  public  works — a  bene- 
factor of  his  race — the  idol  of  his  friends.**  Such  was  the  son  of  a  once 
very  poor  man,  risen  to  too  high  a  fame  to  be  tarnished  by  the  empty 
titles  of  common  men.  He  dies — ^the  nation  laments  his  death,  and  gives 
to  his  burial  the  highest  honours  of  the  illustrious  dead. 
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Permit  me,  in  condusioD,  to  naj  a  few  more  words  about  our  Institution. 
It  is  very  gratifying  to  find  that  we  seem  to  be  looked  upon  with  increased 
fiiTOur  as  we  progress.  At  our  commencement,  many  who  were  qualified 
to  join  us  seemed  indifferent,  and  showed  reluctance  to  enrol  themselyes 
-with  us.  Many  of  these  haye  now  come  forward,  and  I  have  reason  to 
believe  others  will  follow  their  example.  There  are  many  members  on 
our  roll  who  never  attend  our  meetings ;  many  cannot  conveniently  do 
8o  whose  names  we  are  glad  to  have.  But  there  are  others  who  content 
themselves  with  having  our  transactions,  and  imagine  they  obtain  all  the 
benefit  that  others  do  who  attend  regularly.  This  is  a  great  mistake. 
No  doubt  the  greater  part  of  the  papers  are  printed,  and  also  a  portion 
of  the  leading  discussions;  but  that  most  valuable  benefit  arising  from 
communication  of  ideas,  and  the  opportimities  of  gaining  information 
by  question  and  reply,  is  lost  to  the  absentee,  and  this,  in  my  opinion, 
is  one  of  the  most  important  advantages  obtained  from  our  meetings. 
I  have  been  asked,  What  good  our  meetings  could  do?  Now,  there  are 
men  who  practise  engineering,  in  one  department  or  another,  for  the  mere 
purpose  of  making  money,  without  a  higher  object.  And  there  are 
others  who,  when  they  also  desire  to  make  money,  derive  much  of  their 
pleasure  in  life  from  the  line  of  their  profession.  That  such  an  Institution 
as  we  profess  to  support  will  be  valued  and  appreciated  by  the  latter 
class,  I  need  not  mention.  They  are  conscious  that  everything  whidi 
advances  the  profession  or  art  to  which  they  are  attached  will  advance 
themselves,  and  they  feel  proud  to  be  in  the  foremost  ranks  in  the  pro- 
gress ;  but  the  mere  money-maker  may  find  it  to  be  to  his  pecuniazy  loss 
to  be  in  the  rear  of  the  movement,  in  which,  and  by  which  he  lives. 
Engineering  cannot  be  stationary  in  such  times  as  we  live  in ;  its  for- 
ward strides  are  so  great  and  rapid,  that  any  one  who  desires  to  keep 
up  with  the  leaders  must  embrace  every  aid,  and  use  it  diligently. 
If  we  go  into  a  factory  or  engine-work,  we  there  see  the  thousand 
instruments,  the  workmanship  of  a  thousand  hands.  As  we  look  upon 
that  noble  steamer,  or  that  fiery  engine,  and  the  architecture  over  which 
it  speeds,  we  admire  the  mechanism  of  the  machine,  and  the  beauty  of 
the  structure;  but  ere  the  form  was  given  to  these  works,  the  mind 
conceived  the  image  of  the  object,  and  knowledge  and  experience  were  the 
roots  from  which  all  sprung ;  not  the  knowledge  or  wisdom  of  one  man, 
but  the  perfection,  step  by  step  obtained  from  many  minds — the  brain- 
work  of  many  men.  Can  any  one  say  that  meeting  as  we  do  to  inter- 
change the  knowledge  and  experience  we  daily  gain,  we  do  no  good.  Do 
we  not  add  knowledge  to  knowledge,  experience  to  experience;  assist  each 
other's  progress,  and  hasten  forward  those  great  works  which  have  done 
so  much  for  the  comfort,  the  peace,  and  the  civilization  of  the  world? 


li  MehCa  Improve  MaAmefor  Mahng  Olasa  BotiUs. 

ProfeflBor  RAmaKB  proposed  thai  the  meeting  should  pa»  a  oordiai  Tote 
of  ihanks  to  the  Prerident  for  hit  rerj  admirable  address.  He  bad  never 
heard  so  Ml  a  statement  of  the  condition  of  an  j  profession  as  that  wbidi 
the7  had  jnst  heard  from  Mr.  Ndlson.  He  had  gone  oT«r  aQ  dioee 
branohes  of  engineering  whose  present  condition  and  progress  were  matters 
of  interest,  and  had  pointed  out  in  the  clearest  way  the  advantages  arisiiig 
from  discussing  them  in  this  societ j.  He  thought  that  addresses  such  as 
they  had  now  heard  were  of  rerj  great  utility  to  point  out  tiie  woik 
before  them,  and  to  indicate  what  sort  of  information  and  what  subjects 
for  discussion  required  their  attention.  Thej  also  formed  a  periodiesl 
record  of  the  progress  that  engineering  had  made,  and  ibe  parts  of  it  in 
which  progress  was  needed.  He  proposed  that  a  cordial  and  unanimous 
vote  of  thanks  be  passed  to  Mr.  Neilson  for  his  address. 


A  paper  was  then  read  entitled:— 

On  the  Reparation  of  the  Great  Ckhmofot  the  Orawjbrd  ^reet,  ChemM 
Worhj  Port-DundoBf  OUugow.    By  Mr.  D.  MacFarlams. 

A  lengthened  discussion  followed  the  reading  of  Mr.  MacFariane's 
paper,  and  a  vote  of  thanks  was  passed  to  him  for  it ;  and  also  to  &&. 
Townsend,  the  proprietor  of  the  chimney,  for  exhibiting  the  tools  used  in 
the  restoration. 


Professor  RAKKoni  then  exhibited  and  described 

MeaCi  In^proved  Madimefir  Makxng  Olaee  BoiSea. 

Professor  Rakkinb  said,  the  object  of  the  machine  was  to  enable  one 
man  to  do  the  work  of  four.  It  consisted  of  a  mould  formed  in  two 
halves,  and  with  the  neck  portion  turned  downwards.  The  workman 
took  a  quantity  of  glass  in  a  soft  state,  and  after  removing  the  top  or 
cover,  dropped  it  into  the  mould,  when  it  settled  down  into  the  neck,  in 
which  was  inserted  a  nozzle.  He  then  shut  down  the  lid  or  cover, 
and  by  means  of  a  pair  of  bellows,  introduced  air  through  the  nozzle. 
When  the  soft  glass  was  blown  into  the  proper  shape,  he  opened  the 
mould,  and  took  the  bottle  out.  The  chief  novelty  of  the  machine 
consisted  in  the  position  of  the  bottle  in  the  mould,  and  in  the  mode  of 
blowing  in  the  air.  The  machine  was  in  use  in  the  Clyde  Bottle  Works, 
St.  Rollox. 

A  vote  of  thanks  was  passed  to  Professor  Rankine  for  describing  the 
machine ;  and  to  Mr.  Mein  for  sending  it. 
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The  Second  Mrbtdio  of  the  Seasioii  was  heid  in  the  Philosophical 
8odet7*8  Hall,  on  Wedneiday,  28d  November,  1859--4he  Phbsidknt  in 
the  chair. 


The  following  paper  was  read  i-^ 

Deger^pticm  of  a  Sediment  CoOectarj  and  a  Fhnmace  €hate  fcr  Steam-BmUre. 
By  Mr.  JoHir  Bbaidwood. 

The  importance  of  economy  in  the  development  of  steam  power,  and 
the  great  dependence  of  that  economy  upon  the  boiler  and  its  connections 
vrill  form  a  sufficient  excose  for  describing  two  exceedingly  simple,  bat 
practically  sncoessfnl  improyements,  in  that  department. 

One  of  the  improvements  effects  the  removal  of  the  sedimentary 
matters  from  the  water  used  in  the  boiler,  whilst  the  other  improvement 
renders  more  complete  the  combustion  of  the  heat-yididing  fbel,  and 
protects  the  fire  bars. 

It  is,  doubtless,  well  known  that  tiie  greater  part  of)  if  not  aU  the  matters 
held  suspended  in  the  impure  water  with  which  manu&cturers  and  other 
users  of  steam  power  are  firequently  compelled  to  supply  their  boilers, 
and  which  matters  form  thidt  and  injurious  deposits  during  the  periods 
of  the  boiler^s  quiescence,  are  thrown  to  the  surface  during  ebullition.  It 
is  of  this  action  that  the  contrivance  about  to  be  described  takes  advantage 
to  get  rid  of  these  sedimentaiy  matters ;  and  to  this  end  a  current  is  pro* 
dnced  from  the  surface  of  the  water  in  the  boiler  tiirougfa  a  separate 
collecting  vessel,  and  thence  back  into  the  lower  part  of  the  boiler.  The 
apparatus  is  represented  in  fig.  1,  Plate  L  in  vertical  section,  and  as 
applied  to  a  cylindrical  boiler.  It  comprises  a  closed  cylindrical  iron 
vessel,  A,  which  communicates  with  the  boiler,  b,  by  two  pipes ;  one,  C, 
opening  into  the  boiler  at  about  the  water  surface  line,  and  the  other,  d^ 
entering  at  the  bottom.  The  water  in  this  vessel,  ▲,  beccnning  partially 
cooled,  tends,  by  its  increased  weight  as  compared  with  the  corresponding 
column  inside  the  boiler,  to  produce  a  current  from  the  surface  in  the 
boiler  through  the  upper  pipe,  c,  through  the  vesse],  a,  and  back  through 
the  lower  pipe,  d,  into  the  boiler.  The  rate  of  flow  from  the  boiler 
through  the  upper  pipe,  o,  is  sufficient  to  carry  along  the  suspended 
matters ;  but  on  entering  the  vessel,  A,  the  rate  of  flow  becomes  reduced 
in  proportion  to  the  hicreased  diameter  over  that  of  the  pipe,  o,  and  the 
sedimentary  matters  are  in  consequence  precipitated.  For  the  purpose 
of  collecting  the  matters  precipitated,  the  vessel,  a,  is  extended  some 
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distance  below  the  return  pipe,  d,  and  the  latter  is  formed  with  a  tamed* 
down  mouth  inside  the  Teasel,  A,  to  prerent  the  matters  fidling  into  it 
A  door,  E,  is  provided  at  the  bottom  of  the  collector.  A,  for  the  periodical 
remoyal  of  the  deposits. 

Five  boilers  at  Messrs.  A.  &  A.  Galbraith's  works,  St  RoUox,  have  each 
been  fitted  with  one  of  the  sediment  collectors.  Four  of  these  boilen 
are  each  eight  feet  in  diameter,  the  other  being  seven  feet,  whilst  the 
whole  are  twenty-eight  feet  in  length.  The  five  boilers  raise  steam  of 
50ft>s.  pressure  for  an  aggregate  of  800  indicated  horses  power,  and  esch 
boiler  has  four  furnaces,  two  internal  and  two  eztemaL  The  sediment 
collectors  are  opened  once  a  week,  when  each  yields  two  horse^pails  M 
of  thick  dark  mud.  The  water  used  is  from  the  canal,  and  is,  perhaps, 
as  dirty  as  any  put  to  a  similar  use.  Formerly,  all  this  mud  became 
incrusted  on  the  internal  boiler  ewcSacej  not  only  injuring  it,  but  alao 
greatly  reducing  the  evaporative  efficiency,  and  necessitating  frequent 
laborious  cleanings.  With  the  sediment  collectors  there  is  still  a  atigkt 
incrustation,  but  it  never  increases  beyond  the  thickness  of  a  coat  of  paint, 
which  is  not  sufficient  to  affect  the  evaporative  efficiency.  Two  of  the 
sediment  collectors  are  working  efficiently  at  Messrs.  Shedden  &  Morton^s 
timber  yard.  North  Street,  Anderston;  also,  one  at  Mr.  Austin's  flour 
mills,  Bothwell  Street,  and  one  at  Mr.  Melvin^s  engine  works,  William 
Street,  Anderston. 

The  improved  furnace  grate  is  made  with  the  bars  inclined  in  plan  to 
the  horizontal  centre  line,  or  to  the  sides  of  the  furnace.  In  broad  fur- 
naces the  bars  may  be  inclined  towards  each  side  fix)m  the  centre  line, 
but  in  narrow  furnaces  they  may  be  all  inclined  one  way.  The  intention 
of  this  arrangement  is,  that  the  air  rising  up  between  the  bars  may  flow 
obliquely  across  them  towards  the  inner  end  of  the  furnace,  with  the  view 
of  preventing  the  acctmiulation  of  clinkers  on  the  bars.  It  is  also  pre- 
ferred to  give  a  slight  inclination  to  the  grate  surfiice  upwards  towards 
the  inner  end,  so  that  the  green  smoke  from  the  firesh  fuel  near  the  moutb 
may  be  made  to  flow  closely  over  the  incandescent  fuel  at  the  inner  end. 
This  feature  is  not  novel  as  applied  to  ordinary  grates,  but  its  combination 
with  the  horizontally-inclined  bars  enhances  the  advantage  accompanying 
these.  A  model  of  the  improved  grate  is  exhibited,  from  which  its  con- 
struction will  be  easily  understood.  It  is  also  shown  in  Plate  L ;  £g,  2, 
being  a  longitudinal  section,  and  fig.  3,  a  plan.  One  of  the  grates  has 
been  in  operation  for  upwards  of  three  months  at  Messrs.  J.  &  D.  Dick's, 
engineers.  Paisley,  and  one  of  them  has  been  in  use  for  about  ten  weeks 
at  Mr.  W.  Gilchrist's,  steam-power  printer,  Trongate,  Glasgow.  In  the 
latter  place  the  steam  could  barely  be  kept  up  to  20ibs.  with  the  ordinary 
bars,  whilst,  since  the  alteration,  a  pressure  of  251bs.  is  easily  maintained. 
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And  with  a  saying  of  thirty  per  cent,  of  fiieL  There  ia  no  smoke  and  no 
cslinkers,  and  the  combustion  is  manifestly  more  complete  than  formerly. 
As  regards  durability,  the  bars  do  not  show  any  deterioration  after  ten 
"weeks*  use.  Several  furnaces  are  being  fitted  with  the  improved  grates, 
and,  as  fiu:  as  tried,  with  equally  satis&ctory  results. 


The  Pbesidert  considered  it  a  veiy  important  thing  to  get  rid  of  the 
coating  in  boilers,  and  thought  an  apparatus  such  as  Mr.  Braidwood*8 
might  be  well  applied  to  boilers  in  his  own  foundry.  It  seemed  a  very 
simple  apparatus,  but  the  best  proof  of  its  utility  would  be  found  in  the 
results  from  it  in  practice.  We  had  a  piece  of  mud  upon  the  table,  but 
did  not  know  how  long  that  was  in  being  collected. 

The  Sbcbetakt  observed  that,  in  the  paper  it  was  stated  that  two' 
horse-pails  full  of  sediment  were  collected  per  week. 

In  reply  to  Mr.  Tait,  Mr.  Braidwood  said  Messrs.  Galbraith  had  had 
the  apparatus  in  use  since  August,  1858. 

The  Presidemt  said,  respecting  the  angular  bars  used  in  the  improved 
grate,  he  could  not  see  how  so  large  a  saving  of  fiiel  cotdd  be  got  in  con- 
sequence of  their  use  as  stated  in  regard  to  Mr.  Gilchrist's  furnace,  but 
some  member  might  be  able  to  explain  it.  Could  Mr.  Braidwood  say 
whether  there  was  any  change  made  upon  the  furnace  or  boiler,  besides 
the  putting  in  of  angular  bars  ? 

Mr.  Bbaidwood,  in  answer  to  various  questions,  said  the  saving  in  the 
fuel  arose  from  the  change  in  the  current  of  air.  In  common  furnace 
grates,  the  current  of  air  passed  along  a  straight  line  through  the  longi- 
tudinal bars,  in  the  same  current  as  the  smoke,  and  consequently  at  the 
back  part  of  the  furnace  there  was  not  a  sufficient  mixing  for  complete 
combustion.  But  his  bars  changed  the  current,  making  the  air  pass 
through  the  furnace  obliquely  across  the  bars,  and  become  thoroughly 
mixed,  thus  insuring  the  ignition  of  all  the  inflammable  elements  of  the 
coaL  The  bars  of  the  improved  grate  were  quite  loose,  being  set  upon 
bearers.  They  were  only  three-eighths  thick,  with  spaces  of  the  same 
width  between.  In  Mr.  Gilchrist's  furnace  the  bars  were  previously  inch- 
and-quarter  thick,  and  no  doubt  some  of  the  economy  in  fuel  was  to  be 
attributed  to  the  change  in  the  thickness  of  the  bars,  but  not  alL 

Mr.  Tatt  thought  thirty  per  cent  of  saving  in  fuel  almost  fabulous ;  for 
the  whole  of  the  ash  and  the  clinkers  from  an  ordinary  furnace  did  not 
amount  to  that ;  so  that  unless  there  was  an  extraordinary  saving  from 
lessening  the  ''  blacks''  emitted  at  the  chimney,  such  a  saving  could  not 
take  place.     He  believed,  however,  that  there  must  be  some  saving  with 


le      On  a  SedimeiU  CoUeelar,  (md a  Furnace  GraU/or  SUan-BoOert. 

this  grate  from  the  ban  being  thinner;  but  not  to  the  ezteni  of  thinj 
per  oent.  He  knew  that  not  orer  twent7  per  oent.  of  the  foel  waa  found 
in  any  ashpit,  eren  where  the  fumaoes  were  constmcted  Tery  careleasljy 
and  with  Tary  thick  ban. 

Mr.  Bbaidwood  said  that  in  this  case  there  were  scaioalj  any  dinkers 
or  residue,  almost  the  whole  of  the  coal  being  bomed. 

The  Fbbsidemt  had  asked  questions  in  order  that  there  might  be  no 
mistake  about  this  matter.  Sometimes,  for  want  of  explanations,  we  got 
fidlaoious  results ;  and  he  wished  to  guard  Uie  Institution  in  this  reipect 
as  fiir  as  possible.  Before  we  oould  take  this  matter  as  completely  settled, 
Mr.  Braidwood  would  require  to  put  in  as  thin  ban  longitudinally  as  he 
had  angularly,  and  then  the  result  due  to  the  angular  poeilion  alone 
would  be  apparent 

Mr.  Braidwood  did  not  know  that  it  would  do  to  put  in  as  thin  ban 
longitudinally. 

Mr.  DowNiB  ihought  ihere  was  something  in  having  a  shorter  distance 
between  the  bearings  due  to  the  angular  position,  which  allowed  of  a  much 
thinner  bar  being  used,  but  was  still  inclined  to  think  that  the  aanng 
referred  to  was  not  altogether  to  be  attributed  to  thaL 

Mr.  Tatt  thought  the  sediment  collector  would  act  very  welL 

Mr.  DowHiB  asked  if  experiments  had  been  made  to  test  whether 
it  caused  a  circulation  throughout  a  twen^-eight^feet  boiler? 

Mr.  Braidwood  replied  that  if  there  was  a  current  towards  the  instru- 
ment, the  floating  stuff  would  gather  towards  it,  although  there  was  not 
a  great  circulation. 

Mr.  Tajt  considered  the  simple  fitct  mentioned^— that  at  the  expiiy  of 
some  months  no  incrustation  was  found  to  exist  upon  the  boilers— was 
veej  satisfactory ;  and  that  the  sediment  in  the  collector  was  only  two 
horse-pails  full  per  week,  showed  that  the  water  must  be  very  clear,  even 
although  taken  from  the  canaL  The  quantity  of  sediment  collected  was,  in 
his  opinion,  very  small. 

Mr.  DowNTB  thought  the  quantity  depended  on  the  quality  of  the 
water ;  for  if  there  were  lime  in  it,  it  would  have  been  much  naore  than 
that. 

The  PSBSiDRirr  remarked  that  the  apparatus  was  only  dengned  lor  the 
Collection  of  substances  in  mechanical  suspension  in  the  water. 

In  answer  to  questions  by  Mr.  Milne,  Mr.  Braidwood  said  the 
boHen  to  which  the  sediment  collector  had  been  applied  never  requised 
cleaning  out  at  alL  Previously  a  scale  was  always  found  upon  them,  but 
now  there  were  neither  scales  nor  sediment.  Messn.  Galbraith^s  boilera 
had  not  been  cleaned  out  since  the  collector  was  apf^ed  to  them.  They 
had  been  examined  regularly,  but  there  was  nothing  to  take  away.   There 
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mraa  no  need  to  chip  off  the  scales,  for  they  fell  o£    Previouslj  the  boilers 
had  to  be  cleaned  out  once  a  month. 

Mr.  MiLKB  Lad  no  doubt  that,  preyionslj,  if  the  boilers  were  worked 
at  50ttw.  pressure  a  Tery  considerable  scale  would  be  found  upon  them, 
requiring  to  be  chipped  off  by  hammer. 

Mr.  Bbaidwood  said  the  scale  was  some  throe-quarters  of  an  inch 
thick  before. 

The  Pkesidbht  remarked  ihat,  from  the  appearance  and  weight  of  the 
mud  in  a  concentrated  form  upon  the  table,  which  had  been  taken  from 
the  sediment  collector,  there  seemed  to  be  as  much  vegetable  as  mineral 
matter  in  it,  and  it  smelled  very  much  of  tallow.     It  was  very  light. 

Mr.  MjuUKB  said  the  place  whence  the  water  was  taken  for  these  boilers 
was  not  a  navigable  cut  of  the  canal,  but  had  been  made  specially  for  the 

•millg- 

In  answer  to  a  question,  Mr.  Braidwood  said  the  boilers  were  for 
driving  steam-engines,  but  they  did  not  use  the  condensed  steam 
again. 

Mr.  Tait  considered  that  as  they  must  use  sixty  cubic  feet  of  water  per 
hour,  the  deposit  seemed  very  little.  The  water  was  of  unprecedented 
cleanness,  or  the  deposit  would  be  very  much  greater. 

Mr.  Jambs  Russbll  said  that  at  one  time  it  was  the  practice  to  clean  out 
a  tubular  boiler  at  the  North  Woodside  Iron  Works  once  a  month,  when  a 
pailful  of  sandy  stuff  and  scale  had  to  be  taken  out.  The  practice  of 
sur&ce-blowing  off  several  times  a  day  was  adopted ;  and  the  result  was 
that  they  could  go  on  for  six  months  without  cleaning ;  and  at  the  end  of 
that  time  the  sediment  was  not  more  than  what  it  used  to  be  at  the  end 
of  each  month. 

The  Pbesidemt  said  we  must  adopt  different  expedients  for  different 
sorts  of  chemical  impurities ;  but  this  vegetable  matter  could  only  be 
removed  by  means  of  surface  collection. 

Mr.  Braidwood  said  the  action  of  his  collector  was  continuous,  whereas 
the  plan  referred  to  by  Mr.  Russell  was  not.  Besides,  when  the  latter 
was  used,  a  loss  of  heat  ensued,  as  they  could  not  blow  off  without  a  loss 
of  heat. 

The  Pbesident  thought  that  if  the  sediment  collector  was  made  deeper 
it  would  be  better,  and  perhaps  there  would  be  more  than  two  pailsful 
of  stuff  to  be  taken  out  per  week. 

Mr.  Lawrib  remarked,  that,  for  many  years  Armstrong's  apparatus  had 
been  used  for  collecting  sediment.  It  consisted  of  one  perforated  cone 
within  another;  and,  owing  to  the  circulation  in  the  boiler,  the  sedi- 
ment found  its  way  to  it,  because  it  was  the  only  quiescent  part  of  the 
boiler. 

c 
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The  diflcussion  then  terminated^  a  Tote  of  thanks  being  passed  to  Mr. 
Braid  wood  for  bringing  the  matter  before  the  Institution. 


The  following  paper  was  then  read : — 
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Oto  tie  Treaiment  tf  Steam  for  i^  developmeiU  </  Power, 
By  Mr.  J,  G.  lAwsuB. 

En^eera  haye,  within  a  recent  period,  made  considerable  progress 
in  acquiring  a  knowledge  of  the  principles  of  steam.  They  have 
become  acquainted  with  Joule's  Law,  which  enables  thorn  to  comprehend 
elements  of  the  action  of  steam  formerly  obscure.  They  now  know  that 
the  power  which  can  be  obtained  from  steam  b  measured  by  the  heat  it 
contains,  and  that  the  beat  necessary  to  raise  the  temperature  of  a  pound 
of  steam  one  degree  is  as  exactly  defined  by,  and  as  exactly  equal  to,  a 
known  amount  of  power,  as  one  ton  is  equal  to  20  cwt.  By  means  of  this 
knowledge  the  investigation  of  the  amount  of  power  derived  from  a 
quantity  of  steam  used  by  any  steam-engine  is  reduced  to  an  investigation 
of  the  amount  of  heat  contained  in  the  steam  when  it  enters  the  engine, 
of  the  amount  of  heat  contained  in  the  steatn  when  it  leaves  the  engine, 
and  of  the  conversion  of  the  difference. 

Proceeding  in  this  way  the  action  of  expansive  steam-engines  has  been 
elaborately  considered  by  scientific  men;  but  in  all  the  investigations 
with  which  the  writer  is  acquainted,  the  engines  considered  have  been 
what  mathematicians  would  call  pure  or  immaterial  engines.  No  account 
has  been  taken  in  these  investigations  of  the  effect  in  the  action  of  the 
engine  due  to  the  substance  of  which  the  engine,  and  more  particularly 
of  which  the  steam-cylinder,  is  composed.  The  results  arrived  at  are 
therefore  those  that  would  be  true  if  the  parts  of  the  engine  were  abso- 
lutely impervious  to  heat;  and  they  afford  important  and  conclusive 
information  regarding  the  operation  of  steam  on  that  supposition. 

But,  in  the  practice  of  engineers,  the  effect  derived  from  steam-engines 
b  the  result  due  to  a  complicated  action  arising  from  the  ladiation  of 
heat,  the  conduction  of  heat,  the  transference  of  heat,  by  means  of  the 
substance  of  the  steam-cylinder,  &c,  from  one  part  of  the  stroke  to 
another,  and  also  very  materially  the  result  obtained  b  affected  by  the 
action  of  the  valves.  In  thb  complication  care  is  necessary  to  discriminate 
betwixt  the  different  causes,  so  as  to  arrive  at  proper  condusions  regarding 
the  effects. 

In  illtistration  of  this,  the  opinion  entertained  by  some  engineers  that 
the  use  of  expansion  in  unjacketed  cylinders  b  productive  of  no  advantage, 
and  by  other  engineers  of  loss,  b,  the  writer  believes,  unwarranted  by  the 
present  state  of  our  knowledge  on  the  subject ;  and  he  abo  believes  that 
the  opinion  of  the  use  of  the  jacket  being  productive  of  some  recondite 
and  unintelligible  advantage,  b  equally  without  solid  foundation.  To 
obtain  the  same  amount  oi*  power  from  an  expansive  engine  that  is 
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obtained  from  one  in  which  expansion  is  not  used,  the  cylinder  reqniref 
to  be  made  of  increased  sise,  which  occaaoni  loes,  no  doubt^  from  Incroaeed 
radiation  and  increased  oondoction,  whether  the  cylinder  be  jadteted  or 
not,  bnt  not  to  an  extent  of  any  moment  in  the  consideration  of  thb 
question. 

In  estimating  the  power  deriyad  from  a  quantity  of  steam,  it:  ia  neces- 
sary, as  has  already  been  mentioned,  to  consider  the  quantity  of  heat 
which  the  steam  carries  into  the  cylinder,  and  also  the  quantity  which  it 
carries  from  the  cylinder.  In  the  proportion  that  the  latter  of  these 
quantities  is  less  than  the  former,  the  duty  or  performance  of  the  ateaoi 
is  increased.  In  an  engine  working  without  expanmon,  that  is,  with  M 
steam  throughout  the  stroke,  a  certain  smaller  quantity  of  heat  leaves  the 
cylinder  than  entered  it,  the  difference  having  been  transformed  into 
power ;  and  in  an  expansive  engine  in  which  the  steam  is  admitted  during 
only  a  part  of  the  stroke,  the  duty  or  performance  of  the  steam  cannot  he 
less  than  in  the  former  engine,  unless  the  steam  carries  fit>m  the  cylinder 
more  heat  in  the  expansive  engine  than  in  the  engine  in  which  the  steam 
is  not  expanded.  Some  engineers  entertain  an  opinion  veiy  un&vourable 
to  the  use  of  expansion  in  an  unjacketed  cylinder;  and  of  these  Mr. 
Humphry s  of  London  states  broadly  his  opinion  that  the  use  of  expansioii 
in  an  unjacketed  cylinder  ia  always  productive  of  loss,  and  that  the  amount 
of  loss  is  proportioned  to  the  amount  of  expansion  used,  the  loss  beginning 
with  the  smallest  amount  of  expansion,  and  increasing  as  the  expansion  b 
increased,  to  an  extent  so  great  that,  when  the  expanrion  is  conaiderable, 
three  times  the  quantity  of  coal  and  steam  is  necessary  to  produce  the 
same  efiect  that  is  required  when  expansion  is  not  used. 

The  writer  has  mentioned  that,  in  an  engine  in  which  steam  is  admitted 
of  fhll  pressure  throughout  the  stroke,  the  quantity  of  heat  which  leaves 
the  cylinder  at  the  termination  of  ihe  stroke  is  less  than  the  quantity 
which  entered  the  cylinder  at  the  commencement ;  and,  if  the  opinion  of 
Mr.  Humphrys  be  correct,  it  follows  as  a  consequence,  that,  in  the  expan- 
sive engines,  upon  which  he  rests  his  opinion,  the  difierence  betwixt  the 
amount  of  heat  which  entered  and  left  the  cylinder,  when  the  engine 
worked  expansively,  must  have  been  only  one-third  of  the  differeaiGe 
betwixt  the  heat  which  entered  and  left  the  cylinder  when  the  engine 
worked  without  expansion. 

Thus,  in  an  engine  in  which  the  steam  is  admitted  throughout  die 
stroke,  if  the  quantity  of  heat  which  enters  the  cylinder  be  represented 
by  unity,  or  H^  the  quantity  which  leaves  the  cylinder,  and  is  lost,  is 
ilt*  leaving  the  difierence  A  ^  the  quantity  utilised.     Therefore,  in  the 

♦  These  figures  are  got  as  follows : — 1  lb.  of  coal  evaporates  7j  lbs.  of  water,  and  there- 
fore the  water  receives  1150''  X  7}  of  heat  =:  8625^      One  horse-power  per   hour, 
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engine  upon  which  Mr.  Htunphrys  experimented,  the  quantity  of  heat, 
if  his  views  be  correct,  which  leares  the  cylinder  and  is  lost,  is  1|,  leaving 
the  difference  ^  as  the  qoantitj  utilized  when  the  expansion  is  consider- 
able. The  duty  of  the  coal,  or  heat,  or  steam,  in  the  two  engines,  is  very 
different,  being  in  the  one  engine  i';^ ,  and  in  the  other  ^ ;  yet,  the  differ- 
ence in  the  two  engines  in  the  beat  which  is  lost  proportionally  to  the 
whole  heat,  is  very  inconsiderable,  being  in  the  one  H^  and  in  the  other 
2f.  These  figures  bring  out  prominently  the  necessity  for  high  perfection 
in  the  construction  of  engines,  and  the  facility  with  which  a  slip  may  be 
made  from  a  result  that  is  good  to  one  that  is  bad.  There  are  several 
ways  in  which  the  good  result,  namely,  the  one  in  which  the  loss  of  heat 
is  only  ||,  may  be  diverged  from;  but^  on  a  close  comparison  of  the 
two  engines,  the  expansive  and  non-expansive,  it  is  exceedingly  difficult 
to  see  how  the  effect  stated  by  Mr.  Humphrys  can  take  place  in  a  manner 
due  only  to  expansion  or  non-expansion. 

It  has  been  alleged  that  in  an  unjacketed  cylinder  the  heating  and 
cooling  of  the  cylinder  at  the  beginning  and  termination  of  the  stroke 
accounts  for  a  loss  of  advantage  in  the  use  of  expansion,  but  it  does 
not  at  all  account  for  it  as  identically  the  same  operation,  the  same 
addition  of  heat  to  the  steam,  during  the  progress  of  the  stroke,  takes 
place  in  a  jacketed  cylinder.  Except  in  the  loss  arising  from  the  radiation 
and  conduction  due  to  the  increased  sur&ces,  the  writer  knows  of  no 
explanation  which  satiiiactoriiy  accounts  for  the  results  found  in  the 
experiments  of  Mr.  Humphrys,  and  the  loss  arising  frx>m  these  causes 
cannot,  under  usual  circumstances,  be  of  an  amount  to  afford  the  expla- 
nation. 

In  other  experiments  on  this  subject^in  those,  for  example,  on  which 
a  distinguiahed  member  of  this  Institution  rests  his  unfavourable  opinion 
of  the  use  of  expansion  in  an  unjacketed  cylinder — ^not  a  loss,  as  with 
Mr.  Humphrys,  but  a  result  giving  no  advantage,  as  the  writer  under- 

«s  83,000  lbs.  X  60;  1  foot  high  =r  1,980,000  Ibt.  ss  2588<»  of  a  pound  of  water  at  the  rate 
of  780  Ibot-poiiiids  fbr  one  degree.     Theiefore,  the  hone-power  due  to  1  lb.  of  ooal  = 

-—  =  8'4  horae-power.     But,  4)  lbs.  of  coal  are  required  per  horse-power  in  a  good 
non-eapaneive  enghie,  and  thewlwe  only  gq—j^ssTjj^;  or.  in  even  nnmberB,  ^g  e=  ^^ 

of  the  heat  received  by  the  water  la  utilized,  the  remainder,  g  ,  being  lost    In  the  s  s. 

9  S6 

TketUj  at  1)  lbs.  per  horse-power,  the  heat  utilized  is  r^,  and  the  remainder,    -,  is  lost 

In  the  engines  by  Randolph,  Elder,  &  Co.,  at  2  lbs.  per  horse-power,  the  heat  utilized  is 

6  75       ^   ^  .    ,      88-25   .   ,    ^ 

— ,  and  the  remamder,  — Tg-»  >»  !«»*• 
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stands,  was  obtained.  The  result  obtained,  howeTer,  in  the  instances 
to  which  the  writer  now  refers,  is  capable  of  an  easier  and  more 
satisfactory  explanation.  When  expansion  is  used  it  is  necessarj  that 
the  steam  be  freely  admitted  to  the  cylinder  during  admission,  that  it  be 
sharply  cut  off,  and  that  it  be  retained  in  the  cylinder  hermetically  tiU 
the  period  for  its  emission.  These  conditions,  the  writer  believeSy  were  not 
fulfilled  in  the  experiments  to  which  he  alludes.  In  the  steamer  IsUemmj 
for  example,  an  account  of  which  has  already  appeared  in  the  Transactiocs 
of  this  Institution,  the  mode  of  effecting  the  expansion  is,  in  the  writer's 
opinion,  of  a  defective  character.  In  the  account  of  that  vessel  it  is  stated 
that  in  a  stroke  of  36  inches,  when  the  steam  is  admitted  during  firar 
inches,  the  exhaust  is  opened  at  26  inches,  and  the  compression  begins  at 
20  inches.  In  .the  gear,  by  which  the  valves  of  this  machineiy  are 
actuated,  the  amount  of  expansion  is  increased  by  reducing  the  travel  of 
the  valves,  which  has  the  effect  of  checking  the  free  admission  of  die 
steam,  of  unduly  increasing  the  compression,  and  of  opening  the  exhanit 
at  a  period  of  the  stroke  when  it  should  be  closed.  All  of  these  e&cto 
are  disadvantageous  to  the  development  of  the  power  of  the  steam. 

In  the  same  way  with  those  engines  in  which  the  expansion  valve  is 
placed  in  the  steam-pipe,  or  on  a  stationary  plate  of  the  valve  caang,  the 
expansion  is  effected  in  an  unsatisfactory  manner,  and  there  b  no  doubt 
that  in  all  of  these  oases  the  result,  whatever  it  may  be,  b  less  advan- 
tageous than  it  would  be  with  an  efficient  mode  of  effecting  the  expanaon. 

It  may  be  said,  however,  that  the  diagrams  obtained  are  satisfectory 
when  these  modes  of  shutting  off  the  steam  are  employed,  and  no  doubt 
they  often  are,  as  in  the  diagrams  of  the  lalesman^  which  were  exhibited  in 
this  room.  Now,  however,  that  the  pressure  and  power  of  engines  is 
measured  with  so  much  minuteness,  the  indicator  is  far  from  being  an 
instrument  sufficiently  delicate  for  the  purpose,  and  the  diagrams  of  the 
leleeman  appear  to  establish  this  fact  £ven  with  the  greatest  care  the 
indicator,  in  a  tapering  diagram,  is  not  to  be  depended  on  for  accuracy,  and, 
with  the  slightest  inattention,  the  indications  are  very  far  from  the  truth. 
In  the  diagram  represented  by  A,  c,  b,  D,  fig.  24,  Plate  Y.,  the  indicator 
probably  represents,  with  tolerable  accuracy,  the  pressure  in  the  cylinder, 
because  the  changes  of  pressure  from  b  to  a,  and  from  c  to  b,  are  laige  in 
amount  and  sudden ;  but,  in  the  tapering  diagram  represented  by  the  line 
A,  K,  F,  G,  D,  the  changes  of  pressure  being  gradual,  and,  in  fiict,  imper- 
ceptible, the  pencil  will  necessarily  &11  behind  the  changes  of  pressure 
in  the  cylinder  by  an  amount  depending  on  the  circumstances  of  the 
case,  but  by  an  amount  which,  in  all  cases,  is  of  considerable  importance, 
and  in  many  of  large  amount.  In  the  IsUeman,  for  example,  the  steam 
is  released  at  10  inches  from  the  termination  of  the   stroke;    yet  the 
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diagrams  did  not  assume  the  shape  represented  by  the  line  at  e,  f,  h,  d, 
mrliich  thej  ought  to  hare  done ;  nor  is  the  shape  of  that  character  in  any 
diagrams  the  writer  has  seen,  although  in  all  it  ought  to  be  more  or  less, 
as  in  all  engines  the  steam  is  released  before  the  termination  of  the  stroke ; 
and  this  proves  either— or  rather  prores  both — that  the  diagram  is  incor- 
rect, and  that  the  steam  requires  a  considerable  time  to  escape  even  into  a 
vacuum.  But,  if  a  time  so  considerable  is  necessary  for  the  steam  to 
escape  even  into  a  vacuum,  the  multifarious  plans  of  effecting  expansion, 
by  means  of  valves  in  the  steam  pipe,  and  valves  placed  over  numerous 
small  apertures  through  plates  in  the  valve- casing,  must  be  radically 
injurious,  as  they  entail  small  tortuous  passages,  through  which  the  steam 
cannot  possibly  travel  with  the  freedom  desirable. 

The  writer  has  already  explained  that,  in  bis  opinion,  the  reason  why 
in  certain  cases  no  advantage  has  been  derived  from  the  use  of  expansion 
in  unjacketed  cylinders,  does  not  exist  in  the  heating  and  cooling  of  the 
9team  cylinder,  and  that  jacketed  cylinders  do  not  possess  in  that  respect 
any  material  advantage ;  yet,  in  other  respects,  jacketed  cylinders  possess 
advantages  which  are  exceedingly  important  In  steam  which  has  not 
been  subjected  to  any  superheating  process,  a  considerable  quantity  of 
water  is  carried  in  mechanical  suspension,  and  when  the  steam  is  used  to 
work  a  steam-engine  with  an  unjacketed  cylinder,  a  further  quantity  of 
-water  is  produced  by  the  condensation  of  the  steam  in  the  development  of 
power.  But,  in  an  expansive  engine  with  a  jacketed  cylinder,  the  tempe- 
rature of  the  steam  in  the  cylinder  being  lowered  during  expansion  below 
that  of  the  steam  in  the  jacket,  the  latter  becomes  a  means  of  superheating 
the  steam  within  the  cylinder,  and  so  converts  the  water  in  mechanical 
suspension,  as  weU  as  that  due  to  the  development  of  power,  into  steam, 
and  effects  in  that  way  an  important  economy  of  fuel,  provided  the  heat 
contained  in  the  condensed  water  of  the  jacket  be  returned  to  the  boiler. 
ThiB  appears  to  the  writer  to  be  the  chief  advantage  of  the  steam  jacket, 
and  for  the  reason  that  he  does  not  see  a  loss  due  to  the  heating  and  cooling 
of  an  unjacketed  cylinder;  neither  does  he  see  any  very  considerable 
advantage  in  a  jacketed  cylinder  when  the  steam  is  superheated  to  an 
extent  to  prevent  condensation  during  the  development  of  power.  Until, 
however,  this  superheating  can  be  effected  in  a  safe  and  mechanically  simple 
way,  the  economy  attainable  with  a  jacket  is  unattainable  without  it. 

Judging  from  the  different  opinions  occasionally  expressed  regarding 
cylinders  fitted  with  and  without  jackets,  there  would  appear  to  be  con- 
siderable obscurity  on  the  subject,  and  the  writer  has  thought  it  might 
not  be  out  of  place  to  bring  the  subject  distinctly  to  the  attention  of  the 
Institution,  and  to  invite  its  deliverance  on  the  question. 
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Mr.  Lawbib,  in  answer  to  the  inTitation  of  the  Fresideot,  expLained  a 
diagram  illustrative  of  his  paper,  and  recapitulated  some  of  the  difficaltie? 
of  the  subject. 

The  Frssidbnt  mentioned  that  he  had  had  a  oonrersation  with  Dr.  Jouie^ 
who  was  a  great  enthusiast  respecting  the  economy  of  coal,  and  he  was 
of  opinion  that  we  were  coming  to  the  time  when  a  pound  of  coal  would 
produce  a  horse  power. 

Mr.  Tait  owned  to  being  astonished  at  the  statements  Mr.  Lawrie  gave 
in  the  paper,  and  which  he  alleged  were  made  by  Mr.  Humphrya. 

Mr.  Lawbib  said  the  statements  were  made  by  Mr.  Humphrys  in  a 
discussion  at  the  Institution  of  Civil  Engineers,  and  were  repeated  to 
him  afterwards. 

Mr.  Tait  was  satisfied  that  all  the  mechanical  engineers  might  not  hare 
experimented  so  very  precisely  as  Mr.  Humphrys,  but  the  result  had 
been  great  economy  by  their  clumsy  expansive  arrangement.  He  had 
tried  it,  and  found  the  economy  great  They  had  in  their  workshop  a 
steam-engine  of  40  horse^power,  driven  with  a  consumption  of  24  cwt.  of 
dross  coal  per  diem.  The  boiler  was  high-pressure,  35  feet  long,  and  5 
feet  in  diameter.  The  fire  did  not  go  underneath  the  entire  length  of  the 
boiler,  but  was  merely  at  the  one  end,  and  it  generated  more  steam  in 
proportion  to  the  outlay  than  any  other  boiler,  whibt  it  vras  less  exposed 
to  the  action  of  the  fire  than  any  other  boiler  in  the  work.  There  wer« 
two  flues,  each  19  inches  in  diameter.  The  furnace  was  5  feet  by  4  feet. 
It  had  close-fitting  doors,  with  a  little  slide  to  let  in  air  at  pleasure.  The 
steam-engine  stroke  was  4  feet.  He  had  tried  the  same  engine,  working 
with  full  steam,  at  low  pressure,  but  not  with  such  satis&ctoiy  results. 
It  was  a  very  possible  thing  to  expose  a  larger  surfiice  of  iron  to  the  acsion 
of  the  fire  than  corresponded  to  the  coal  consumed  upon  the  grate ;  but, 
if  the  boiler  was  small,  the  iron  could  not  be  made  to  take  heat  beyond  a 
certain  limit,  however  intense  the  fire  might  be.  Now,  these  two  fiufs 
gave  more  heat  than  if  the  flame  passed  all  round  the  boUer — that  is,  for 
the  quantity  of  coal  consumed.  There  were  three  condiUons  which  be 
thought  had  been  overlooked  when  speaking  of  using  steam  expansively, 
and  which  were  necessary  to  obtain  economy:— (1)  A  small  charge  of 
steam;  (2)  dry  steam;  and  (3)  high  pressure.  The  reason  of  the  advantage 
resulting  from  the  small  charge  of  steam  was  very  obvious.  It  was  s 
mistake  to  make  steam-boilers  as  small  as  possible ;  for,  when  the  steam- 
boiler  was  small,  with  a  large  charge  of  steam,  each  stroke  inevitably  put 
a  considerable  body  of  water  in  motion ;  and,  when  the  steam  went  towards 
the  cylinder,  there  was  a  tendency  in  the  water  to  rise  and  acoompaoy 
the  steam.  But,  supposing  the  engine  to  be  working  with  one-fourth  of 
that  charge  of  steam,  in  that  pro]iortion  the  tendency  of  the  water  to  pass 
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to  the  cylinder  was  diminished.  Then,  eyery  one  knew  the  benefit  of 
liayiDg  the  steam  dry.  A  very  simple  illustration  occurred  to  him  with 
x^eference  to  high  pressure.  If,  on  a  railway,  a  locomotive  engine  worked 
a.t  a  pressure  of  from  30  to  40  lbs.  per  square  inch,  and  moved  at  the  rate 
of  20  miles  an  hour,  with  a  load  equal  to  the  full  pressure  of  steam,  it 
^woidd  be  found  that  a  stream  of  water  issued  from  its  chimney;  but  let  it 
go  with  steam  of  four  times  that  presstire,  and  it  would  be  found  that  no 
^water  at  all  issued  from  the  chimney,  and  the  locomotive  would  be  doing 
its  work  with  much  less  water  and  fuel. 

The  PsESiDENT  remarked  that  this  paper  was  on  a  subject  which 
was  becoming  now  a  very  prolific  one,  and  upon  which  we  had  a  good 
many  papers  last  year,  to  be  followed  up,  he  hoped,  by  others  this  session. 
We  had  yet  nearly  i  Jths  to  utilize,  although  it  was  very  satis&ctory  that 
we  were  diminishing  the  loss,  for  he  considered  the  improvement  of  Mr. 
Rowan  a  large  step  in  the  right  direction.  He  had  no  doubt  that  some 
system  would  be  found  out  that  would  give  us  still  greater  economy  in  the 
use  of  coal.  But  the  subject  of  expansion  and  steamgackets  raised  ques- 
tions which  we  could  not  agree  upon ;  yet,  the  truth  was  to  be  found 
and  must  be  sought  for,  although  he  had  no  doubt  that  a  great  many  of 
the  trials  which  had  been  made  had  given  false  results.  He  did  not  think 
that  the  matter  had  been  sufficiently  experimented  upon,  to  enable  us  to 
come  decisively  to  the  conclusion  that  a  benefit  was  got  from  the  steam- 
jacket.  He  held  that  a  steam-jacket  was  an  excellent  thing,  and  Mr. 
Lawrie  admitted  that  water  was  carried  forward  in  mechanical  suspension 
into  the  cylinder.  Now,  we  knew  that  a  sensible  amount  of  heat  was 
lost  in  the  cylinder,  and  his  idea  was  that  the  jacket  should  keep  up  that 
heat;  but  this  was  a  very  large  question,  which  we  could  not  go  fully 
into  at  present.  There  were  some  terms  used  by  Mr.  Lawrie  which  he 
could  not  agree  with.  He  spoke  of  ^^heat  transformed  into  power .'^  He 
could  not  see  that  the  two  things  stood  in  this  relation  to  one  another. 
The  one  might  give  the  other ;  but  he  could  not  see  how  the  one  was 
transformed  into  the  other.  He  was  inclined  to  adopt  the  old  theory — that 
heat  gave  power  by  merely  changing  from  one  position  to  another.  He 
was  sure  they  were  all  much  indebted  to  Mr.  Tait  for  bringing  before 
them  the  particulars  regarding  his  boiler.  He  understood  it  was  a  new 
system  of  firing  which  was  used  with  it.  He  trusted  Mr.  Tait  would  pro- 
secute further  inquiries  in  the  matter,  and  give  them  the  benefit  of  the 
results  in  a  paper  at  a  future  meeting. 

Mr.  Tait  said  he  would  gladly  do  so*  He,  for  one,  could  not  see  any 
advantage  from  the  steam-jacket. 

Mr.  DowNiB  thought  it  was  mentioned  at  one  of  the  meetings  last  year, 
that  in  one  case  when  the  steam  was  shut  off  from  the  jacket,  after  the 
engine  was  set  agoing,  it  gave  an  advantage. 

u 
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The  Secretary  said  such  a  remark  did  not  reach  him,  nor  tb€ 
Reporter. 

Mr.  James  Russell  said  Mr.  Scott  of  Greenock  had  told  him  that  he  had 
found  it  to  be  an  advantage. 

Mr.  Lawrib  thought  the  advantage  must  have  arisen  from  some  other 
caase,  and  that  beyond  a  doubt  advantage  was  derived  from  the  use  of  a 
steam-jacket. 

The  President  observed  that  was  the  difficulty  of  the  question ;  but  if 
they  all  tried  and  collected  as  much  positive  data  on  the  subject  as  pos- 
sible, they  might  yet  have  the  matter  cleared  up.  It  was^  however,  very 
difficult  to  get  the  results  of  trustworthy  experiments. 

Mr.  Lawrie  said  the  President  could  do  it  with  a  vessel  he  had  at 
hand. 

The  President  said  that  was  true ;  but  when  it  was  remembered  that 
the  calculation  was  that  every  experiment  cost  £50,  he  had  some  objec- 
tion to  it. 

Mr.  Milne  said  there  were  some  experiments  made  respecting  the  use- 
fiilness  of  the  jacket  15  or  16  years  ago,  and  they  were  very  satisfactoiy. 
He  also  once  saw  it  tested  on  an  engine  to  which  a  jacket  had  been  added, 
after  it  was  erected.  The  pipe  letting  the  steam  to  the  jacket  subse- 
quently got  broken,  and  when  it  was  repaired  it  was  conclusively  shown 
that  the  jacket  was  of  service. 

Mr.  Tait  said  the  jacket  acted  precisely  as  hair-felt  and  wood. 

Mr.  DowNiE  said  that  in  the  case  to  which  he  previously  referred,  it 
appeared  that  the  steam  was  at  first  admitted  into  the  jacket,  and  after- 
wards, when  the  engine  was  properly  set  agoing,  it  was  shut  ofL 

Mr.  RnssELL  said  it  was  kept  on  until  the  jacket  was  sufficiently  heated, 
and  they  found  that  it  was  an  improvement ;  but  the  improvement,  to  his 
mind,  arose  from  retaining,  and  not  from  giving  heat. 

A  unanimous  vote  of  thanks  was  then  given  to  Mr.  Lawrie  for  his 
paper. 

The  President  then  vacated  the  chair  for  the  purpose  of  reading  the 
following  remarks — Mr.  Tait  taking  the  chair-— 

On  Locomotive  Piatona. 

Mr.  Neilson  brought  before  the  notice  of  the  meeting  the  circumstance 
of  solid  pistons  being  used  in  the  locomotive  engines  of  nearly  all  the  Irish 
railways.  A  short  time  ago  Mr.  Cabry,  of  the  Midland  Great- Western 
of  Ireland  Railway,  showed  him  a  solid  piston  used  by  him,  of  which  a 
full-sized  drawing  was  before  the  meeting.  This  piston  was  remarkably 
light  and  simple,  having  only  one  solid  steel  ring  in  it  about  three -eighths 
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of  an  inch  broad.  Its  chief  peculiarity  consisted  in  the  mode  of  joining 
the  two  ends  of  this  ring  by  an  over-lap  half-check,  in  a  plane  at  right 
angles  to  the  piston-rod.  The  cost  of  these  rings  was  very  little,  and 
their  durability  great.  One  of  the  rings  shown  to  the  meeting  had  run 
1 3,000  miles ;  and,  for  experiment,  another  had  been  run  88,000  miles. 

Various  forms  of  solid  pistons  were  used  by  different  engineers  on  the 
]iues  in  Ireland,  where,  it  may  be  remarked,  fuel  is  generally  more  expen- 
siFc  than  in  this  country. 

The  great  lightness,  cheapness,  and  security  from  accidents  (which  fre-> 
quently  occur  from  pistons  made  up  of  pieces),  appeared  to  be  arguments  so 
much  in  favour  of  solid  pistons  that  it  seemed  curious  they  were  not  more 
generally  adopted  in  this  country  for  locomotive  engines. 


A  short  conversation  ensued,  in  which  Messrs.  Downie,  Milne,  and  Tait 
took  part,  a  unanimous  opinion  being  expressed  in  favour  of  solid  pistons, 
which  had  sometimes  been  seen  in  use  in  engines  in  Scotland,  and  which 
were  used  regularly  in  steam  hammers. 

A  vote  of  thanks  was  passed  to  the  President  for  his  remarks. 
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The  Third  Meetixo  of  the  Session  was  held  in  the  Philoaopliical 
Society's  Hall,  on  Wednesday,  2l8t  December,  185»— Neil  Robaoi^  £sq^ 
Vice-President,  in  the  chair. 


The  following  paper  was  read : — 

On  the  Enlargement  of^  Junction  Baam  ai  QrangemovJtk,  and  the  Deepemng 
of  the  Communkatwn  between  the  Junction  Bamn  and  the  Entrance  DocL 
By  Mr.  James  Milks. 

Fig.  1,  Plate  11.,  is  a  general  plan  of  the  harbour  of  Grangemouth,  the 
eastern  port  of  the  Forth  and  Clyde  navigation.  The  entrance  dock,  which 
has  an  area  of  4i  acres,  is  entered  by  the  Carron  rirer  from  the  Firth  of 
Forth,  through  an  entrance  lock  55  feet  in  width,  haying  three  pairs  of 
lock  gates,  with  a  length  of  250  feet  between  the  entrance  gates^  and  a 
depth  of  water  on  the  gate  sills  of  24  feet  at  spring-tides.  The  communi- 
cation between  the  entrance  dock  and  the  junction  basin  is  by  the  building 
of  the  junction  drawbridge,  which  has  a  width  of  30  feet,  and  had  a  depth 
of  1 5  feet  at  high  water  of  spring-tides.  This  building  was  completed 
along  with  the  building  of  the  entrance  dock  in  1842. 

The  means  of  communication  from  the  junction  baan  to  the  timber 
basin,  and  to  the  canal,  is  from  the  westward  end  of  the  basin,  by  the 
junction  lock,  which  is  91  feet  in  length  from  point  to  point  of  gates,  and 
21  feet  in  width,  with  a  depth  of  13  feet  2  inches  at  high  water  of  spring- 
tides, and  a  lifl  of  4  feet  6  inches  from  high  water  of  spring-tides  to  the 
surface-level  of  the  timber  basin  and  the  canal  reach.  This  lock  was 
built  in  1842,  and  the  Pig-iron  wharf  on  the  south  side  of  the  junction 
basin  was  built  in  1847.  These  works  have  generally  been  found  suitable 
for  the  trade,  except  that  the  communication  between  the  entrance  dock 
and  the  junction  basin  has  frequently  been  found  to  be  too  shallow  far 
passing  loaded  vessels,  which  incurred  either  the  removing  of  such  vessels 
to  the  entrance  dock  for  completing  their  cargoes,  or  the  running  of  water 
from  the  timber  basin  and  the  canal  supply  to  increase  the  depth  of  water 
in  the  dock  and  basin ;  whilst  the  dimensions  of  the  junction  lock  have  been 
found  to  be  too  limited  for  passing  any  considerable  proportion  of  the 
vessels  too  large  to  navigate  the  canal  up  to  the  timber  basin,  having 
an  area  of  12|  acres,  and  which  might  be  considerably  extended.  Such 
was  the  general  outline  of  the  dock  accommodation  at  the  port  for  vessels 
of  too  large  dimensions  for  passing  along  the  canal  navigation,  when  an 
increasing  trade  rendered  it  necessary  to  consider  by  what  means,  or  in 
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-what  way,  the  requisite  increase  of  aocommodation  oould  be  most  saitably, 
easily,  and  cheaply  supplied. 

On  testing  the  nature  of  the  ground  by  bores  put  down,  it  was  found 
to  be  soft  alluvial  deposit  to  the  depth  of  22  feet  at  the  junction  bridge, 
-with  a  gradual  rise  towards  the  junction  lock,  where  the  depth  of  soft 
deposit  measured  20  feet  11  inches  under  the  level  of  the  surface  of  the 
coping  at  the  junction  bridge,  which  answers  to  2  feet  6  inches  above 
high  water  of  spring-tides,  and  is  assumed  as  the  datum  line  for  the  depths 
herein  referred  to.  Lying  at  between  these  depths,  a  stratum  or  bed  of 
boulders  in  hard  till  was  traced  by  the  bores  put  down,  throughout  the 
lines  of  the  new  wharf  wall  and  the  cast-iron  tunnel  pipe ;  and  by  boring 
through  the  masonry  at  the  junction  bridge  and  lock,  it  was  found  that 
the  stratum  was  intact  under  the  walls,  and  that  the  walls  were  founded  on 
two  thicknesses  of  cross  planking,  each  6  inches  thick.  It  may  be  stated 
that  this  stratum  has  been  found  unbroken  tbroughoat  the  scope  of 
the  new  works,  some  portions  of  it  being  found  to  be  softer  than  other 
portions,  whilst  it  varies  in  thickness  from  8  to  14  inches.  The  boulders 
were  generally  foimd  closely  bedded  together  in  the  till,  and  varying  in 
size  from  that  of  small  gravel  to  8  or  9  inches  through.  This  stratum  lies 
on  a  bed  of  mixed  fine  day  and  sand,  from  2  to  8  feet  in  thickness,  with 
soft  mud  under  the  bed  of  clay  and  sand. 

After  having  proved  the  nature  of  the  ground,  and  the  depth  to  the 
only  hard  stratum  within  the  limits  of  the  depth  for  foundations,  the 
general  scheme  resolved  upon  was  to  deepen  the  communication  between 
the  junction  basin  and  the  entrance  dock  to  as  close  on  the  till  bed  as 
found  practicable ;  to  complete  the  junction  basin  to  the  width  of  238 
feet,  giving  an  area  of  8^  acres  in  the  basin ;  to  dredge  out  the  basin 
to  the  depth  of  the  entrance ;  to  deepen,  widen,  and  lengthen  the  junction 
lock,  so  as  to  pass  about  three-fourths  of  the  number  of  the  sailing  vessels 
arriving  at  the  dock,  from  the  junction  basin  to  the  timber  basin ;  and 
to  lay  in  a  cast-iron  tunnel  pipe  from  the  line  of  the  new  wharf  wall  to  the 
old  harbour,  for  the  purpose  of  running  water  off  the  basin,  and  of  scouring 
the  mud  from  the  old  harbour. 

The  works  were  commenced  by  laying  in  the  cast-iron  tunnel  pipe  along 
the  surface  of  the  tiU-bed,  from  the  old  harbour  to  the  line  of  the  new 
wall.  The  pipes  are  spigot-and-faucet  pipes,  26}  inches  inside  diameter, 
with  a  draw-sloice  at  the  face  of  the  new  wall,  and  a  hinged  self-acting 
valve-sluice  on  the  discharge  end  at  the  old  harbour.  After  the  pipe  was 
laid  in,  a  contract  was  made  in  July,  1858,  for  the  building  of  the  wharf 
wall,  and  excavating  the  bed  of  the  basin.  The  height  of  the  wall  from 
the  till-bed  to  the  surface  of  the  cope,  is  from  20  feet  9  inches  to  21  feet 
9  inches ;  the  latter  height  being  that  of  the  section,  fig.  2,  Plate  II.    The 
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wall  is  built  of  freestone,  with  ashlar  in  front,  and  rubble  backing.     The 
front  line  of  the  wall  is  cunred  to  a  radius  of  8000  feet,  the  profile  of  the 
Willi  front  to  8^  feet  under  the  surface  of  the  cope  being  built  with  a  batter 
of  1^  inch  to  the  foot,  and  from  the  8^  feet  under  the  cope  to  the  founds, 
to  a  concave  of  40  feet  radius,  which  gives  a  breadth  of  wall  on  the  upper 
found  course  of  9  feet  6  inches,  and  a  breadth  of  11  feet  for  the  lower 
found  courae.    The  lower  found  course  is  laid  with  Arden-lime  mortar,  on 
a  bed  of  concrete  averaging  about  12  inches  in  thickness,  and  beaten  over 
the  till-bed.     The  second  course  of  found  stones  is  bonded  on  the  lower 
course,  and  the  first  course  of  the  ashlar  and  rubble  is  built  with  alternate 
headers  from  the  front  and  the  back  of  the  wall — ^all  with  the  view  of  so 
bonding  the  foundation  and  base  of  the  wall,  and  extending  it  over  so 
much  in  area  of  the  surface  of  the  tUl-bed  as  to  guard  against  subddence. 
The  excavations  at  the  back  of  the  wall  are  partly  filled  up  with  light 
pottery  ashes,  for  the  purpose  of  lessening  the  weight  at  the  wall,  and  of 
guarding  against  the  strain  of  the  filling  in  of  the  mud  behind.     Cast-iron 
drain  pipes,  with  brass  faces  on  the  pipes,  and  leather  valve  faces,  are 
passed  thrpugh  the  wall  for  running  off  water  from  behind  the  waU. 

On  the  ends  of  the  wharf  wall  being  built  as  close  to  the  water-way  of 
the  former  basin  as  the  safety  of  the  bank  would  permit,  the  ^vater  was 
run  off  by  the  tunnel-pipe.  At  the  eastward  end  the  new  Wtill  was  joined 
to  the  wall  of  the  junction  bridge,  and  at  the  westward  end  the  new  wall 
was  joined  to  the  south  wall  of  the  basin,  and  a  portion  of  the  junction 
lock  was  taken  down,  and  40  feet  in  length  at  the  lower  entrance  to  the  lock 
built  in  to  the  width  of  25^  feet,  whilst  the  bottom  invert  was  lowered  to 
8  feet  under  the  bottom  of  the  present  lock,  this  being  a  preparatory  step 
to  enlarging  the  lock ;  as  shown  in  the  plan,  Plate  XL  Such  portion  of  thp. 
entrance  to  the  lock  was  thus  completed  as  would  carry  the  turnpike  road 
over  the  lock  entrance,  and  give  the  means  of  damming  off  the  water  in 
the  junction  basin,  so  that  the  basin  and  the  entrance  lock  might  be 
available  for  the  shipping  whilst  the  lock  was  being  enlarged. 

Whilst  the  new  entrance  to  the  lock  was  being  built,  and  tlie  walls  of 
the  basin  completed,  the  communication  between  the  dock  and  basin  was 
also  being  deepened  by  the  removal  of  the  original  invert  building,  and 
replacing  it  by  an  invert  of  cast-iron  girders,  as  shown  in  figs.  3,  4,  and  5^ 
Plate  111.  As  a  precaution  against  the  yielding  of  the  entrance  walls, 
shoring  logs  were  fitted  in,  and  firmly  wedged  between  the  walls.  The 
cutting  out  of  the  ashlar  bottoming  and  invert  was  begun  at  the  end  next 
to  the  junction  basin.  The  «slilar,  concrete,  &c.,  were  cleared  out  to  the 
till-bed,  and  the  first  two  girders  bolted  together,  carefully  placed  into 
the  line  and  level  of  the  entrance,  and  run  in  with  Roman  cement 
throughout  the  bedding  of  their  lower  sides,  and  the  ends  of  the  girden 
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M'ere  caulked  up  with  iron  cement  so  as  to  abut  them  firmly  to  the  walls. 
All  the  subsequent  girders  were  fitted  in,  girder  to  girder,  in  the  same 
manner,  the  invert  being  cut  out  in  sections  of  from  2  feet  to  4  feet  at  a 
time,  and  the  laying  in  of  the  girders  kept  as  close  as  practicable  to  the 
taking  out  of  the  invert,  so  as  to  guard  as  much  as  possible  against  the 
risk  of  the  water  breaking  through  firom  the  dock. 

After  the  girders  were  laid  in,  bolted,  and  secured,  they  were  filled  up 
^'ith  concrete,  and  a  surface  course  of  hard  composition  brick,  on  bed — all 
beaten  in  flush  with  the  upper  webs  of  the  girders,  and  run  in  with 
Roman  cement 

The  girders,  when  completed  (except  the  girder  at  the  middle,  which 
forms  the  sole  ibr  the  batter-doors),  weighed  67  cwt  each,  and  measured 
30  feet  6  inches  in  mean  length,  2  feet  in  breadth,  12  inches  in  depth  at 
the  middle  end,  and  21  inches  in  depth  at  the  extreme  ends.  They  were 
made  to  the  length  in  three  pieces — the  middle  piece  21  feet  in  length,  the 
one  end  piece  6  feet  in  length,  and  the  other  end  piece  8  feet  6  inches  in 
length ;  which,  on  fitting  the  middle  pieces  together  alternately,  end  for 
end,  gave  a  lapping  of  2  feet  6  inches  on  the  sides  of  the  girders,  where 
they  joined  girder  to  girder.  The  three  pieces  forming  each  girder  were 
fitted  and  bolted  together,  and  the  fitting  strips  on  the  sides  of  the  girders 
all  planed,  or  otherwise  dressed  quite  fair  throughout  the  length,  and  the 
girders  were  cramped  together  for  drilling  the  bolt-holes,  which  were  all 
broached  out,  and  the  bolts  turned  to  fit.  The  depth  of  the  ashlar,  &c., 
removed  from  the  entrance,  was  4  feet  6  inches,  corresponding  to  the  12 
inches  in  depth  of  the  cast-iron  girders  put  in,  giving  a  gain  of  3  feet  6 
inches  in  depth,  and  a  depth  of  water  throughout  the  communications  of  1 8 
feet  6  inches  at  high  water  of  spring-tides.  Fig.  3  is  a  plan  of  one-hnlf 
of  the  commimication,  showing  the  new  bottom,  with  a  portion  of  the 
girders  clear;  a  second  portion  being  shown  partly  fiUed  with  concrete,  a 
third  portion  with  the  surface  course  of  bricks,  and  a  fourth  portion  as 
having  the  final  coating  of  Roman  cement.  Fig.  4  is  a  transverse  vertical 
section,  with  the  old  invert  building  indicated  by  dotted  lines  on  one  side, 
showing  the  gain  in  depth ;  and  fig.  5  is  a  vertical  section  across  the 
middle  girder,  forming  the  batter-door  sole  and  the  adjacent  girders. 

In  order  to  get  these  works  accomplished,  a  coffer- dam  had  to  be  con- 
structed to  dam  off  the  water  in  the  dock;  and  it  was  deemed  most  essential 
that  the  constructing  of  the  dam  should  not  deprive  the  trade  of  the 
passage  through  the  junction  basin  and  timber  basin  to  the  canal,  for  a 
longer  period  of  time  than  was  necessary  for  completing  the  wharf  walls 
and  the  entrances.  Also,  as  the  walls  of  the  dock  are  founded  to  such 
depth  that  they  stand  on  the  mud  under  the  till-bcd  before  referred  to,  it 
has  been  held  to  be  unsafe  to  run  the  water  out  of  the  dock,  whibt  it  was 
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feared  that  the  driving  of  piles  for  making  a  coffer-dam  in  the  usoml  way 
might  endanger  the  safety  of  the  walls ;  and,  looking  at  the  difficulty  of 
driving  piles  in  from  20  to  24  feet  depth  of  water,  and  the  subfieq;iieiit 
difficulty  and  risk  of  making  a  secure  and  tight  dam  between  two  rows  of 
piles,  the  wrought-iron  coffer-dam  was  designed  and  made  as  represented 
in  figs.  6  to  11,  Plate  III. 

The  dam  is  wholly  made  of  wrought-iron ;  the  framework  is  fbnned  of 
nine  girders,  each  girder  40  feet  in  length,  4  feet  in  depth  at  the  middle, 
and  21  inches  in  depth  at  the  extreme  ends;  the  bow  sides  of  the 
girders  being  made  to  a  radius  of  80  feet,  and  the  string  sides  to  a  camber 
of  3  inches.  The  girders  are  made  of  angle  irons,  all  rolled  in  one  length 
to  the  span  of  the  dam,  and  the  girders,  Nos.  2,  3,  4,  and  5,  from  the 
bottom,  have  web  plates  (also  rolled  in  one  length  to  the  span  of  the  dam) 
fitted  between  the  angle  irons,  which  form  the  bows  and  strings.  The 
sections  of  the  parts  of  the  girders  decrease  in  size  from  girder,  No.  1,  at 
the  bottom,  to  girder.  No.  9,  at  the  top  of  the  dam,  and  the  spaces  between 
the  girders  increase  from  bottom  to  top,  so  as  to  make  the  strength  of  the 
dam  nearly  uniform  with  the  pressure  of  water  due  to  the  depth.  The 
bottom  of  the  dam  is  framed  of  T-iron  ribs,  and  covered  with  §-inch 
plates,  all  curved  outwards  to  strengthen  the  bottom  against  the  pressure. 
The  girders  are  plated  all  over  outside,  the  plates  on  the  back  of  the  dam 
all  upright,  the  upright  joints  butted  and  joined  by  covering  strips,  and 
the  longitudinal  joints  lapped  and  rivetted  on  the  girders.  The  plates  on 
the  front  of  the  dam  are  in  lengths  of  25  feet  for  the  nuddle  of  the  dam, 
and  in  such  breadths  as  to  lap  the  plates  on  the  two  girders  for  joining 
longitudinally,  and  the  upright  joints  of  these  plates  are  joined  by  covering 
strips  double  rivetted  by  |-inch  rivets.  All  the  other  rivets  are  ^inch 
rivets,  pitched  in  at  distances  of  2)  inches  between  centres,  along  the 
rows  which  require  caulking,  and  5  inches  between  centres  for  the  other 
rows  of  rivets.  The  plates  vary  in  thickness  from  |-inch  at  the  bottom 
of  the  dam,  to  ^-inch  thick  at  the  top.  A  sluice  tunnel,  18  inches  square, 
passes  through  the  dam,  with  a  draw-sluice  on  the  back  of  the  dam  for 
sliutting  off  or  running  water  through  the  dam,  and  a  pipe  of  6  inches  dia- 
meter, with  a  two-way  tap-cock  in  the  pipe,  is  fitted  to  the  front  and  back 
of  the  dam,  near  the  bottom,  for  running  water  into  or  out  <^  the  dam. 
By  this  pipe  and  tap-cock  the  dam  was  filled  for  being  sunk,  or  emptied 
for  being  floated,  or  the  height  of  the  water  in  the  dam  regulated  to  the 
height  of  the  water  in  the  dock.  The  whole  weight  of  the  iron-work  in 
the  dam,  tunnel,  and  pipe,  is  20i  tons.  The  strengths  of  the  parts  of  the 
dam  were  calculated  to  support  a  pressure  of  20  feet  depth  of  water,  but 
the  greatest  height  of  water  ever  on  the  dam  was  about  19  feet. 

The  dam  was  made  at  Maryhill,  and  was  launched  into  the  Kelvin  dock 
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at  three  o'clock  one  aflemoon,  towed  to  Grangemouth,  and  set  to  its 
place,  and  the  water  run  off  from  behind  the  dam  on  the  following  day. 
Bj  filling  in  about  a  boat-load  of  tan  bark  and  ashes  round  the  back  of  the 
dam  for  safety,  and  for  compensating  for  the  inacciiracies  in  the  fitting  of 
the  dam  to  the  wall,  the  dam  was  made  as  tight  as  could  be  wished,  and 
remained  so  until  the  works  were  ready  for  its  removal,  when,  by  running 
the  water  out  of  the  dam,  and  filling  the  basin  (on  the  31st  October  last), 
the  dam  rose  from  its  seat  and  was  floated  out  of  the  way,  giving  an  imme^ 
diate  free  thorough&re  for  again  passing  the  shipping  between  the  dock 
and  basin. 


Mr.  MiLNS  having  described  two  models  illustrative  of  his  paper,  as  well 
as  pointed  out  on  diagrams  the  various  parts  which  it  discussed,  in  answer 
to  various  inquiries,  said  that  the  till-bed  he  had  mentioned  was  also  called 
a  gravel  bed — particularly  in  the  locality  of  Grangemouth.  No  water 
passed  through  it,  and  although  they  had  bored  50  feet  through  the  bed, 
no  hard  mateiial  was  come  to ;  indeed,  it  was  said,  no  hard  substance 
would  have  been  reached  unless  they  had  bored  100  feet.  They  had 
placed  the  girders  close  upon  the  till-bed,  thereby  protecting  this  bed,  and 
at  the  same  time  taking  advantage  of  it  to  support  the  walls.  There  wa$ 
a  depth  of  24  feet  of  water  at  the  main-lock  entrance,  and  at  the  place 
where  the  recent  deepening  operations  took  place  there  was  a  depth  of 
18  feet,  which  was  found  to  be  sufficient  for  passing  through  four-fiflhs 
of  the  vessels  that  arrive  at  the  port.  No  doubt  had  they  excavated  the 
till,  and  gone  down  to  the  clay  and  mud,  they  would  have  had  difficulties 
to  contend  with,  requiring  different,  expedients.  The  till-bed  must  be 
dredged  out  before  vessels  drawing  more  water  than  18i  feet  could  pass 
by  the  Carron  river  to  the  docks*  In  deepening  the  entrance  the  stop- 
gates  were  done  away  with,  and  batter-door  checks  and  sill  were  provided 
as  a  sabstitute,  but  the  stop-gates  had  not  been  shut  oftener  than  twice 
in  the  last  ten  years. 

Mr.  Bell  thought  Mr.  Milne*s  plan  of  using  oast-iron  girders  was  a  very 
good  one.  He  had  never  seen  it  before  carried  into  effect,  as  usually 
heavy  and  expensive  stone-work  was  employed. 

Mr.  MlLNE  said  that  the  cast-iron  girders  were  put  in  at  less  cost  than 
the  stone-work  which  was  taken  out ;  and,  in  reply  to  Mr.  Alexander, 
added  that,  if  they  had  taken  out  stone-work,  they  could  not  have  obtained 
the  additional  depth  by  rebuilding  in  a  stone  invert  on  the  till-bed. 

Mr.  Bell  remarked  that  they  would  have  shaken  the  walls  if  they 
had  put  in  the  stone-work  under  the  surfiice  of  the  bed. 

Mr.  Milne  sud  that  they  went  to  the  bottom  of  the  walls,  not  without 
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some  fear  that  the  dock  might  break  in  upon  them ;  but  they  had  made 
the  trial,  and  effected  tLeir  purpose. 

The  Ghaibhak  said  he  did  not  gather  whether  the  paper  stated  the 
cost  of  the  operations  and  the  additional  water-sur&ce  gained. 

Mr.  Milne  replied  that  they  had  gained  2}  acres  of  water  surface,  and 
there  was  more  than  that  available.  They  had  also  gained  S}  feet  in  depth 
oyer  }  acre.  In  the  timber  basin  they  had  an  area  of  12f  acres,  which 
could  be  increased  to  15  acres.  The  whole  work,  including  the  proposed 
taking  out  and  rebuilding  of  the  junction  lock,  will  cost  about  £1800. 
The  cost  of  the  coffer-dam  was  £401. 

The  Chairman  remarked  that  the  paper  read  was  a  very  useful  and 
practical  one.  There  was  one  novelty  that  had  been  used  in  the  opera- 
tions, and  that  was  a  cast-iron  bottom  casing,  which  had  never  been  used 
before.  Several  plans  had  been  proposed  to  deepen  this  entrance,  as 
he  happened  to  know,  and  it  had  been  doubted  whether  it  could  be 
done  by  the  use  of  cast-iron;  but  Mr.  Milne  had  succeeded.  It  was 
evident  that  its  use  had  saved  great  expense  in  excavation,  which  would 
have  been  required  had  masonry  been  employed ;  for,  with  cast-iron,  Mr. 
Milne  had  done  it  in  12  inches,  whereas  it  would  have  required  4| 
feet  for  masonry;  and  if  he  had  gone  much  deeper,  he  woidd  likely  have 
brought  in  the  side  walls.  The  next  novelty  was  the  use  of  the  iron 
coffer-dam.  Mr.  Milne  had  told  them  that,  if  he  had  used  piling,  he  might 
have  had  to  go  20  or  80  feet  without  finding  a  bottom,  which  would  have 
been  a  waste  of  timber  and  time.  Mr.  Milne  had  likewise  told  them  that 
he  had  founded  the  walls  of  the  extension  of  the  basin  upon  a  till-bed,  which 
was  known  in  the  locality  as  the  ^'Gravel-bed" — a  stratum  of  rounded 
stones  and  iron  sand,  which  formed  a  sort  of  natural  concrete,  very  imper- 
vious to  water,  and  quite  capable  of  carrying  masonry  of  the  height  of 
20  or  30  feet  He  founded  his  walls  upon  that  bed,  without  having  any 
piling  or  anything  else,  whilst  below  there  was  a  bed  of  mud  of  great 
depth,  so  that  they  would  have  some  notion  of  the  use  of  this  gravel-bed, 
and  its  importance  in  sustaining  the  superincumbent  walls.  He  believed 
that  in  the  construction  of  the  former  docks  at  Grangemouth,  which 
were  executed  under  the  superintendence,  and  according  to  the  designs 
of  an  eminent  man,  Mr.  (now  Sir)  John  M^eil,  this  gravel-bed  waa  cut 
through;  and  the  consequence  was,  that  he  deprived  himself  of  this 
natural,  foundation  for  the  walls,  and  had  to  make  an  artificial  foundation 
by  laying  layers  of  9-inch  planks,  three  inches  thick,  side  by  side,  and  then 
crossed,  in  three  or  four  rows,  upon  which  he  founded  his  walls  at  great 
expense.  They  did  not  stand,  however,  but  bulged  out,  and  had  to  be 
supported  at  considerable  expense  by  buttresses  of  masonry.  This  all 
tended  to  show  the  use  of  such  practical  papers  as  the  present ;  for  it 
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was  quite  plain  that  Mr.  Milne^s  founding  upon  the  gravel  bed  had  been 
quite  safe,  and  that  at  an  immense  saving  upon  the  previous  cost.  Of 
course,  Mr.  Milne  had  had  the  experience  of  those  \rho  had  gone  before 
him,  or  perhaps  he  might  have  gone  through  the  gravel  bed,  and  got  into 
the  mud  also.  He  considered  that  the  thanks  of  the  Society  were  justly 
due  to  Mr.  Milne. 

Mr.  Bbll  exhibited  a  specimen  of  the  mortar  used  in  similar  operations, 
which  was  composed  of  Arden  lime,  and  which  he  said  was  quite  as  good 
as  Welsh  lime. 

Mr.  MiLME  said  that  the  mortar  known  as  Charleston  lime  was  about 
as  good  as  Arden  lime. 

A  vote  of  thanks  was  passed  to  Mr.  Milne. 


The  following  paper  was  then  read : — 
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Imprtwementa  requisite  in  Iran  Sh^-Building.    By  Mr.  W.  Simons. 

There  ifl  al  present  an  opinion  abroad  that  the  construction  of  iron 
shipping  is  susceptible  of  considerable  improvement ;  and,  when  we  con- 
sider the  working  joints  of  a  modem  iron  vessel,  which  are  three  times 
more  nnmeroTis  than  in  one  built  of  limber,  this  opinion  may  be  Leid  to 
have  some  foundation.  Since  the  commencement  of  iron  ship-bmiding, 
little  attention  has  been  paid  to  the  arrangement  and  combination  oi  the 
material  of  which  an  iron  vessel  is  composed ;  and  too  much  reliance  has 
been  placed  on  the  well-known  tenacity  and  strength  of  the  new  mateiial, 
irrespective  of  its  manufacture,  form,  or  scientific  arrangement.  To  illus- 
trate this,  it  may  be  mentioned  that  it  is  only  within  the  last  few  years 
that  longitudinal  keelsons,  stringers,  or  clamps,  have  been  carried  through 
the  thwartship  bulkheads,  the  usual  plan  with  hundreds  of  iron  vessels 
having  been  to  stop  or  break  off  all  internal  longitudinal  fiistenings 
at  each  bulkhead — ^a  practice,  the  destructive  nature  of  which  has  been 
frequently  exemplified  in  many  iron  vessels  that  have  gone  on  shore,  these 
breaking  asunder  exactly  in  the  line  of  the  bulkheads,  like  a  postage 
stamp ;  and,  amongst  others,  one  need  only  be  reminded  of  the  destruction 
of  the  iron  ships  Tcnfleur,  Birkenhead,  Indian^  and  Boyal  Charter,  And, 
when  we  think  of  the  extraordinary  dimensions  of  the  larger  dass  of  iron 
vessels,  many  of  which  exceed  800  feet  in  length,  whilst  they  are  not 
over  86  feet  beam,  the  necessity  of  greater  longitudinal  and  diagonal 
&stening8  will  be  sufiiciently  apparent 

To  remedy  this  defective  construction,  the  improvements  which  the 
writer  now  brings  under  the  attention  of  this  Institution  are  directed. 

Diagonal  Beams, — ^First  of  these  improvements  are  the  writer*s  diagonal 
beams ;  the  principle  of  which  is  that  each  range  of  beams  is  placed  in 
the  reverse  diagonal  direction  to  the  range  immediately  above  or  below 
it.  Every  vessel  of  moderate  size  has  two  ranges  of  beams ;  some  of  large 
tonnage  have  three  ranges ;  and,  in  the  Royal  Navy,  four  to  five  ranges  of 
beams.  On  reference  to  fig.  1,  Plate  lY.  (which  represents  a  900-ton  ship 
of  iron  now  being  built  by  the  writer,  on  the  new  system,  for  a  liveipool 
firm),  it  wiU  be  observed  that  the  beams  are  so  placed  as  to  form  collectively 
a  complete  system  of  diagonal  trussing.  Hitherto  beams  have  been  pkced 
at  right  angles  to  the  vessel's  side,  one  over  the  other,  on  the  same  frame, 
and  merely  forming  a  connection  between  the  vessel's  sides  and  a  finame- 
work  to  receive  the  deck.  Consequently,  when  the  fabric  at  sea  lies  over 
under  a  press  of  sail,  there  is  no  thwartship  arrangement  to  prevent  her 
straining ;  and  instances  are  extant  of  2000-ton  vessels  so  beamed  having, 
in  such  a  position,  yielded  sl%  much  as  25  inches  on  each  tack.    This  change 
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of  stmctnre  in  such  a  podtioD,  it  is  submitted,  will,  with  the  new  arrange- 
ment of  diagonal  beams,  be  impossible.  Along. each  range  of  the  diagonal 
beams  on  each  side  the  hatchways,  are  riyetted  fore  and  aft,  in  long  lengths, 
strong  plate-iron  stringers,  marked  o  on  the  plan ;  these,  together  with 
tiie  beam  gunwale  stringers  on  each  deck,  being  considered  a  sufficient 
fore  and  afl  tie  to  each  range  of  beams.  The  diagonal  beams  may  be 
placed  at  various  angles.  On  the  vessel  now  being  built  they  are  placed 
at  the  angle  of  80"*,  as  best  answering  the  combined  purposes  of  a  thwart- 
ship  connection  and  of  a  diagonal  truss.  Various  modes  of  diagonally 
trussiDg  deck  beams  have  been  tried,  to  form  the  deck  on  the  old  prin- 
ciple into  a  serviceable  framework  to  resist  straining,  but  with  little 
success ;  and  it  is  submitted  that  the  system  now  described,  forms,  with 
less  expense  and  material,  a  &r  stronger  fastening,  especially  in  connection 
with  the  writer's  other  improvements. 

Waterways  and  Knees, — ^The  writer's  improved  iron  waterway  is  shown  in 
plan  in  fig.  6,  and  in  section  in  fig.  7,  Plate  lY.  Every  beam  end  has  a 
vertical  projection  of  about  7  inches,  and  from  27  inches  to  40  inches 
broad,  according  to  the  size  of  the  vessel,  the  inside  edges  being  rounded. 
On  the  uppei'  part  of  each  of  these  projections  is  rivetted  angle  iron,  on 
which  is  secured  the  plate-iron  waterway,  d,  butting  close  to  the  gunwale 
sheer  strake,  and  rounded  over  inside  where  it  joins  the  deck.  To  the  inside 
of  this  edge  and  along  ereij  beam,  is  rivetted,  in  long  lengths,  strong 
angle  iron,  marked  s.  The  usual  iron  stringer  is  thus  superseded,  and 
also  the  wood  waterway.  Where  any  of  the  frames  project  up  through 
the  iron  waterway,  a  doubling  piece,  f,  is  secured  water-tight  round  the 
frame>  and  upon  the  iron  waterway.  The  projections  on  each  beam  under 
the  waterway  form  also  improved  knee  fastenings  to  each  beam  end,  and 
supply  what  has  hitherto  been  greatly  required,  a  knee  above  the  beam  as 
well  as  below — a  knee  fastening  universally  adopted,  and  understood  in  the 
Royal  Navy.  This  iron  waterway,  if  desired,  may  be  adopted  with  the 
common  beams,  and  it  is  submitted  that  it  forms  a  stronger  beam-end 
connection  than  any  yet  constructed. 

Plating. — ^The  object  of  the  writer's  new  system  of  plating  iron  vessels,. 
is  to  supersede  the  objectionable  slips  or  filling  pieces  at  present  used 
between  the  frames  and  plates ;  and  with  this  view  the  external  plates 
are  placed  dose  to  each  frame,  leaving  their  fore  and  afl  edges  2,  3,  or  4 
inches  apart.  This  narrow  space  is  then  filled  in  with  a  projection  seam 
plate  of  the  section  shown  in  fig.  5,  Plate  lY.,  and  also  in  fig.  7 ;  and  in 
lengths  of  from  20  to  40  feet  by  about  10  inches  broad.  This  projection 
or  rib  fits  into  the  space  between  the  seams,  and  also  rests  on  every  frame, 
to  each  of  which  it  is  sectired  by  one  or  two  centre  rivets,  in  addition  to 
the  usual  rivetting  of  its  fore  and  aft  edges.     From  the  extra  length  of 


38  On  Iran  Ship-buUdhig, 

these  projection  plates,  they  overlie  several  plate  butts  or  joints,  and  tbixs 
form  along  every  fore  and  aft  seam  a  series  of  external  damps  and  fenders, 
calculated  to  greatly  increase  the  strength  of  the  vesseFs  side.  Their 
adoption  allows  the  scantling  of  the  other  material  to  be  considerably 
but  safely  reduced,  which,  with  the  saving  from  no  slips  being  required, 
will  be  more  than  equivalent  to  the  additional  rivetting.  At  the  same 
time  it  is  submitted,  that  a  single  rivetted  ship  so  built  will  be  equal  in 
strength  to  a  double  rivetted  vessel  as  commonly  plated.  Although 
Fairbaim  states  that  from  his  experiments  a  double  rivetted  joint  is  two- 
thirds  the  strength  of  the  plate  itself,  the  writer  denies  the  possibility  of 
having  the  4000  plate  joints  of  a  large  iron  vessel  so  carefully  secured  in 
workmanship,  material,  and  finish,  as  in  Fairbaim's  solitary  experiments ; 
and  the  weakest  part  of  a  floating  body  is  the  measure  of  its  strength  as 
a  whole :  whilst,  from  the  numerous  vertical  joints  or  butts  in  an  iron 
vessel  as  hitherto  constructed,  it  is  impossible  to  prevent  straining  to  a 
greater  or  less  extent,  particidarly  in  vessels  of  great  length  or  large  ton- 
nage. The  Eoyal  Charter  is  described  as  having  broken  at  the  plate  butts, 
like  a  pack  of  cards.  It  is  submitted  that  with  external  clamps  in  leng^s 
of  30  to  40  feet  on  every  seam,  overlapping  all  the  plate  butts,  as  in  this 
new  system,  the  vessel*s  side  is  bound  together  in  such  a  manner  as  to 
render  straining  or  breaking  of  the  butts  impossible. 

PkUe  Butt  Frames, — The  improvements  to  which  your  attention  is  next 
requested  are  the  butt  frames,  shown  in  front  elevation  in  fig.  3,  and  in 
section  in  fig.  4,  Plate  IV.  In  place  of  the  common  mode  of  securing  the 
vertical  joints  or  butts  of  the  external  plates  between  the  frames,  they  are 
secured  each  on  a  frame  in  the  following  manner : — ^There  is  bent  round 
the  exterior  of  every  alternate  angle  iron  frame  a  continuous  plate  of  the 
same  breadth  and  thickness  as  the  ordinary  butt  straps.  This  plate  is 
double-punched  throughout,  and  attached  to  the  frame;  the  butts  are 
then  arranged  to  be  rivetted  upon  this  continuous  butt  strap  frame,  most 
of  the  rivets  going  through  the  angle  iron  frame.  If  desirous  of  adopting 
longer  outside  plates  in  the  vessel,  every  third  firame,  instead  of  every 
alternate  frame,  may  be  constructed  as  described.  The  continuous  butt 
strap  may  be  also  used,  if  preferred,  apart  from  and  between  the  frames, 
in  one  or  two  lengths,  stretching  from  keel  to  gunwall.  In  this  system 
no  short  butt  straps  are  required;  and,  it  will  be  obvious  that,  by  a 
ship's  butts  being  fiutened  each  on  a  frame,  the  strength  of  the  vessel  is 
greatly  increased. 

Hold  Stanchions. — ^This  portion  of  the  writer's  improvements  is  shown 
in  fig.  2,  Plate  IV.,  and  as  enlarged  in  figs.  8  and  9.  The  hold  stanchions 
at  present  in  use  in  iron  vessels,  are  in  two  vertical  lengths  of  round  iron  ; 
one  about  6  feet,  resting  on  the  hold  beams,  and  the  other  length  under- 
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neath  that  from  the  hold  beams  to  the  keelson.  It  will  be  evident  that 
the  only  property  these  possess  is  a  yertical  support  to  the  deck,  and  that 
they  do  not  contribute  in  any  degree  to  the  strength  of  the  yessel.  To 
remedy  this  defect,  the  writer  places  the  hold  stanchion  in  one  length 
from  upper  deck  to  keelson,  and  in  a  diagonal  direction,  so  as  to  resist 
either  a  compressional  or  tensional  strain.  In  the  vessel,  of  which  plans 
are  now  exhibited,  they  are  made  of  5  by  If  inch  flat  iron.  At  their 
extremities  they  are  strongly  secured  to  the  beams  and  keelson,  and  at 
their  points  of  intersection  are  rivetted  together ;  whilst,  where  they  cross 
the  line  of  the  lower  beams,  a  double  central  angle-iron  back-to-back 
stringer  is  rivetted  in  long  lengths  to  every  stanchion  and  beam.  A  similar 
angle-iron  may,  if  desired,  be  also  secured  along  the  junction  of  their 
tipper  extremities  with  the  upper  deck  beams.  The  angle  of  these 
stanchions  in  the  drawing  exhibited  is  60^  that  being  found  best  suited 
to  the  convenience  of  the  hatch  arrangements  in  this  vessel;  but  the 
angle  may  be  varied.  It  may  be  observed  in  the  plan  that  the  hatchways 
can  be  easily  lefl  dear,  and  when  a  mast  intervenes  the  stanchion  is 
circled  round  it.  These  stanchions  form  a  vertical  central  range  of 
diagonal  trusses,  at  a  part  of  the  vessel  requiring  support  which  it  has  not 
hitherto  had,  and  it  will  be  of  great  service  in  connecting  together  two  strong 
frame-works,  namely,  the  vessel's  bottom,  and  her  upper-beam  platform. 

The  writer  also  places  these  diagonal  stanchions  in  a  thwartship  direc- 
tion, and  this  he  has  found  to  reduce  vibration  in  steamers,  besides 
clearing  the  screw  shaft  trunk.  These  stanchions  are  also  made  in  one 
length,  and  are  shown  in  ^g.  10,  Plate  IV. 

Keelsons. — ^The  next  portion  of  the  improvements  is  the  new  keelson, 
shown  in  side  elevation  in  fig.  8,  and  in  section  in  fig.  9,  Plate  lY.,  and  which 
is  formed  on  a  different  principle  from,  and  of  greater  strength  than 
any  yet  adopted.  It  also  forms  a  suitable,  necessary,  and  sufficient  abut- 
ment, on  which  to  receive  and  secure  the  lower  extremities  of  the  diagonal 
hold  stanchions.  It  is  formed  as  follows : — ^All  or  every  alternate  floor  is 
made  to  project  up  in  the  middle  in  the  form  of  a  square,  or  these  projec- 
tions may  be  rivetted  on  to  the  side  of  the  floor.  Round  these  projections 
are  fixed  angle  irons,  to  which  on  top  and  sides,  or  either,  are  rivetted  in 
long  plates  the  box  keelson.  The  sister  and  bilge  keelsons  may  be  formed 
in  the  same  manner.  The  keelson  required  by  Lloyd's  in  their  highest 
classed  iron  vessels,  entirely  depends  on  four  rivets  attaching  it  to  the 
reverse  angle  iron  of  each  floor ;  the  consequence  being,  that  when  by  any 
accident  the  strength  of  the  vessel's  bottom  is  tried,  these  rivets,  of  course, 
break,  leaving  the  strength  of  the  iron  floors  untested,  whilst,  with  the 
above  improved  keelson,  the  floors  are  so  well  fastened  to  the  keelson,  that 
they  must  break  before  the  keelson  will  yield. 
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Iran  Moats. — On  reference  to  fig.  11,  Plate  IV.,  it  will  be  observed 
that  the  writer  plaoea  topmasts  in  the  interior  of  the  iron  lower  masta,  in 
place  of  outside,  as  is  the  nsnal  practice.  The  topmasts  are  stmck  or 
lowered  into  the  interior  of  the  mast  The  fid  is  placed  through  a  square 
hole  in  the  lower  mast-head,  and  into  a  square  notch  in  the  topmast  heel, 
which  is  thus  prevented  from  turning  or  descending.  The  fdttock  sfarouds 
are  reversed  and  fastened  to  the  top  of  the  lower  mast-head,  and  formed 
to  resist  a  compressional  in  place  of  a  tensional  strain,  thus  admitdng  of 
the  lower  yard  being  slung  4  feet  nearer  the  lower  mast-head,  in  conse- 
quence of  which  the  lower  mast  may  be  4  feet  shorter.  It  wUl  also  be 
evident  that  no  cap  nor  truss  bow  is  required.  The  writer  also  places 
winches  with  their  spindles  through  an  iron  mast,  and  having  the  gearing 
either  inside  or  outside.  One  arrangement  is  shown  in  elevation  and  plan 
in  figs.  12  and  13,  Plate  IV.  Any  weakening  of  the  masts  by  the  holes 
is  compensated  for  by  double  plates. 

Additional  Improvements. — A  new  mode  of  constructing  iron  ships  on 
the  diagonal  system  is  shown  in  fig.  14,  Plate  V. 

The  plating  is  composed  of  two  thicknesses  of  metal,  lying  in  the  contrary 
diagonal  directions,  and  securely  united  together.  By  this  mode  of  con- 
struction, lighter  plates  may  be  used,  and,  as  a  point  of  strength,  ndther 
keel  nor  frames  are  essential,  but  internal  longitudinal  stringers,  clamps^ 
and  keelsons  may  be  used  with  advantage;  and  it  will  be  obvious  that  Uiese 
can  be  fitted  and  secured  to  the  vessel's  side  in  a  better  manner  than 
when  frames  intervene.  It  will  also  be  clear  that  with  this  system  of 
plating  an  iron  vessel,  the  butts  of  the  plating  can  be  so  distributed  as  to 
be  equal  in  point  of  strength  to  the  whole ;  not,  as  at  present,  with  each 
butt  a  point  of  weakness  in  all  iron  vessels,  which  have  been  found  so 
frequently  to  break  at  these  parts.  One  thickness  of  this  diagonal  system 
of  plating  may  be  used  in  connection  with  firames  placed  in  a  diagonal 
direction  in  the  contrary  way,  as  shown  in  fig.  15,  Plate  V.  Umber 
vessels  of  above  2000  tons  have  been  constructed  on  this  system  with 
economy  and  success. 

In  connection  with  the  writer*s  diagonal  beams,  the  deck  planks  may 
be  placed  diagonally,  but  in  the  reverse  directions,  as  shown  in  figs.  16 
and  17,  Plate  V. ;  fig.  16  showing  the  afler-half  of  the  upper  deck,  and 
fig.  17  the  forward-half  of  the  lower  deck.  These  decks  are  strongly 
secured  to  the  beams  with  screw  bolts,  and  to  each  other ;  and,  to  increase 
the  strength,  may  be  of  hard  wood.  Advantage  is  thus  taken  of  the  deck 
to  strengthen  the  fabric,  and  it  will  be  apparent  that  the  objectionable 
butts  in  a  longitudinal  deck  are  superseded. 

The  writer  also  proposes  to  apply  the  same  principle  to  the  wood  or 
iron  ceiling  of  an  iron  vessel,  placing  it  diagonally,  and  forming  it  into  a 
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source  of  strength  to  the  vessel  in  place  of  a  source  of  weakness,  as  at 
present ;  such  improved  ceiling  being  made  either  close  or  open. 

A  model  was  exhibited  showing  the  relative  tensional  strength  of  the 
diagonal  and  the  common  beams.  The  same  model  also  served  to  eluci- 
date the  relative  strengths  of  the  vertical  and  diagonal  hold  stanchions. 


The  Chairman  suggested  that  perhaps  it  would  be  as  well  to  postpone 
tbe  discussion  of  the  paper  until  the  next  meeting,  as  there  were  few  iron- 
sbip  builders  present. 

Mr.  Simons  said  he  thought  many  of  the  engineers  present  were  quite 
competent  to  discuss  the  subject ;  and  he  would  be  pleased  if  they  would 
be  kind  enough  to  give  their  opinion  upon  his  improvements. 

In  answer  to  questions,  Mr.  Simons  said  that  his  improvements  did  not 
contemplate  any  alteration  in  the  way  of  fastening  the  vertical  butt  plates, 
of  which  there  were  about  3000  usually,  but  he  proposed  only  using  about 
300  of  the  long  butt  straps.  In  communicating  with  Lloyds,  they  said 
tbey  would  give  the  vessel  now  being  built  the  highest  character  when 
finished.  The  fore-and-aft  plates  may  be  either  single  or  double  rivetted ; 
but  it  was  submitted  that  a  single-rivetted  ship  of  this  construction  would 
be  as  strong  as  a  double-rivetted  one  of  the  old  construction.  The  longi- 
tudinal plates  were  in  lengths  of  30  and  40  feet  The  present  kelson  was 
of  very  little  service  as  a  fore-and-aft  support  to  the  ship ;  but  in  the 
improved  kelson  it  was  of  great  use  in  that  way.  The  water-tight  bulkheads 
-were  made  in  the  ordinary  manner,  with  this  exception,  that  the  angle 
beams  went  right  through  the  bulkheads,  and  were  made  water-tight  round 
them ;  and  every  longitudinal  fastening  in  the  ship  went  through  the  bulk- 
heads. In  the  ship  being  constructed  there  were  only  two  bulkheads,  as 
it  was  an  East  Indian  merchant  ship,  190  feet  long.  There  was  no  ship 
at  sea  on  this  principle.  This  was  the  first  one  that  had  been  built,  and 
it  was  nearly  completed.  All  the  improvements  indicated  in  the  paper 
had  not  been  adopted  in  it,  but  the  most  of  them  had.  He  did  not 
apprehend  any  weakness  in  that  part  of  the  mast  where  the  winch  worked, 
or  where  it  was  otherwise  pierced,  as  double  plates  were  put  on  all  such 
places.  It  was  only  proposed  to  make  the  lower  mast  of  iron,  and  the  top 
mast  would  be  lowered  by  sliding  inside  of  the  lower  mast. 

Mr.  GiLCHBiST  did  not  agree  with  Mr.  Simons'  plan  of  turning  the 
futtock-shrouds  upside  down,  nor  with  their  smallness,  as  he  did  not  think 
they  wotdd  be  strong  enough. 

Mr.  Simons  did  not  think  them  of  great  importance,  and  instanced  the 
usage  of  Holland,  America,  and  Prussia  in  support,  where  there  were  no 
futtock-shrouds  at  all. 

r 
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Mr.  Gilchrist  admitted  that  it  would  be  a  great  improyement  if  tliey 
could  do  without  them. 

In  answer  to  the  Chairman,  Mr.  Simons  said  that  the  diameter  of  the 
rods  of  the  futtock-shrouds  was  If  inch.  The  strain  upon  them  was  not 
great  No  provision  had  ever  been  made  in  any  iron  vessel  for  cntting 
away  the  masts  in  a  storm.  He  did  not  think  it  necessary.  He  thought 
the  vessel  might  be  got  off  the  shore  without  cutting  them  away. 

The  Chaibman  said  that  in  the  report  of  the  Board  of  Trade  upon  the 
wreck  of  the  Royal  Charter^  it  was  stated  that  there  might  have  been  a 
chance  of  saving  her  if  her  masts  had  been  cut  away  in  time. 

Mr.  SiMOMS  said  that  was  a  matter  of  opinion  only.  He  then  drew 
attention  to  the  greater  strength  of  vessels  built  under  his  new  pkn ;  and 
mentioned  that  a  ship  of  300  feet  long  had  been  known  in  a  storm  to  vary 
in  straightness  to  the  extent  of  25  inches,  which  could  never  oocur  with 
this  new  system. 

The  Chairman  asked  if  he  had  ever  thought  of  longitudinal  bulkheads? 

Mr.  Simons  answered  that  he  had  not  A  person  in  Liverpool  had,  but 
the  difficulty  of  the  stowage  would  be  insurmoimtable. 

The  Chairman  said  that  it  was  quite  clear  to  him,  that  if  there  had  been 
a  central  bulkhead  in  the  Eagle  she  might  have  been  saved. 

Mr.  Chaplin  suggested  whether  the  weight  of  the  cargo  stowed  upon 
the  diagonal  stanchions  would  not  be  likely  to  injure  the  ship. 

Mr.  Simons  did  not  apprehend  such  a  thing;  but  were  it  to  occur  it 
would  be  easy  to  strengthen  them  by  increasing  their  dimensions. 

Mr.  Bell  said  that  Mr.  Bielby  had  a  boat  built  with  an  angle-iron 
frame,  and  a  wooden  skin  over  the  whole  of  it 

Mr.  Gilchrist  said  there  was  a  boat  of  that  sort  built  at  the  time  of  the 

Mr.  Tait  remarked  that,  after  the  fate  of  the  Telegraphy  she  was  taken  to 
pieces. 

The  Chairman  said  the  thanks  of  the  meeting  were  due  to  Mr.  Simoks 
for  his  paper.  The  discussion  might  be  again  opened  next  meeting,  as  thej 
expected  to  have  a  paper  on  the  same  subject  then.  The  vote  of  thanks 
was  unanimously  awarded. 

The  discussion  of  this  paper  was  resumed  at  the  next  meeting. 


A  paper  was  then  read — 

On  Cast-iron  as  a  Substitute  for  Stone  in  Seats  for  Steam-Engines  aud  other 
Machinery,     By  Mr.  John  Duff. 

A  discussion  followed  the  reading  of  this  paper,  and  a  vote  of  thanks  was 
passed  to  Mr.  Duff. 
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The  FoUBTH  MBBTma  of  the  Session  was  held  in  the  Philosophical 
Sodety's  Hall,  on  Wednesday,  18th  January,  1860,  conjointly  with  a 
meeting  of  the  Philosophical  Society.  The  chair  was  occupied  by  Dr. 
Thomas  Anderson,  President  of  the  Philosophical  Society,  during  a  portion 
of  the  meeting,  and  during  the  remainder  by  Walter  M  Neilson,  Esq., 
T^eftdent  of  the  Institution  of  Engineers  in  Scotland. 


The  foUowing  paper  was  read : — 

On  Incrustatkn  of  BoiUrs  um§  Sech  Water,    By  Mr.  Jame8  R.  Napibb. 

In  Volume  IV.  of  the  Proceedings  of  the  Philosophical  Society^  is  a  paper 
by  Mr.  James  Napier,  chemist,  on  the  Incrustations  of  Steam-Boilers. 
Feeling  much  interested  in  his  suggestions,  his  method  was  tried  on  board 
the  Islesman,  on  a  voyage  to  the  north  of  Scotland  in  1858,  in  order,  if 
possible,  to  see  the  effect.  At  9h.  30m.  half  a  pound  of  dissolved  soda  ash 
was  forced  into  the  boiler  along  with  the  feed- water ;  at  llh.  30m.  another 
half  poimd  was  forced  in ;  at  3h.  30m.  one  pound  was  forced  in ;  and  at 
other  times  more  was  put  in.  The  only  effect  observed  by  these  operations 
was  making  the  water  in  the  guage-glass  of  a  milky  appearance,  within  a 
■few  minutes  after  the  soda  was  introduced,  and  it  continued  so  for  probably 
an  hour  after  each  injection,  a  small  pipe  near  the  surface  of  the  water 
allowing  a  continuous  discharge  from  the  boiler.  These  experiments 
showed,  that,  if  the  system  proved  economical,  a  simple  plan  could  easily 
be  arranged  for  carrying  it  out.  But  as  Mr.  Napier,  in  his  paper,  states 
'^that  this  sort  of  erust  (sulphate  of  lime)  cannot  be  avoided  by  care  or 
mechanical  means,  except  by  keeping  the  salt  in  the  water  under  its 
crystallizing  quantity,  which  would  necessitate  sueh  an  amount  of  blowing 
off  and  supply  as  would  render  it  expensive,"  the  expense  of  both  methods 
has  been  calculated— the  chemical  one  of  neutralizdng  the  sulphate  of  lime 
with  soda,  and  the  mechanical  one  of  an  abundant  discharge  and  supply, 
so  as  to  keep  the  sulphate  of  lime  under  its  crystallizing  quantity. 

It  is  necessary  for  this  purpose  to  know  the  relative  proportions  of  feed- 
water,  and  water  required  to  be  discharged,  in  order  to  prevent  scale  or 
erust.  Many  writers  treat  this  crust  as  if  it  were  common  salt,  and  instruct 
how  to  make  and  graduate  instruments  for  ascertaining  its  quantity,  the 
graduations  being  effected  by  observing  the  depths  to  which  the  instru- 
ment sinks  in  water  in  which  certain  proportions  of  common  salt  has  been 
dissolved.     They  say,  *^  Sea-water  contains  3  per  cent,  of  salt,  and  when 


44  .  On  Incrustation  of  Boilers. 

the  boiler  conttuns  less  than  12  per  cent  there  will  be  little  or  no  cnastf 
therefore,  it  is  necessary  to  blow  off  3-12ths  or  l-4th  of  the  feed  water,  in 
order  to  prevent  the  formation  of  crust.  This  reasoning,  however,  is 
unsatisfactory,  as  it  is  evident  to  any  one  who  has  the  sense  of  taste  Uiat 
the  crust  is  not  common  salt ;  and  chemical  analjrsis  shows  that  sea-water 
from  the  English  channel,  although  it  contains  nearly  3  per  cent,  of  common 
salt,  contains  only  about  *8  per  cent  of  the  materials  forming  the  cmst, 
and  only  '14  per  cent  of  the  material  of  which,  according  to  Hr.  Napier. 
upwards  of  90  per  cent,  of  the  crust  is  composed.  Tt  is  also  shown  by 
analysis  that  a  saturated  solution  of  this  material,  sulphate  of  lime,  in  cold 
distilled  water,  is  as  1  to  380,  and  as  1  to  388  in  boiling  water,  or  25*7 
parts  of  lime  to  10,000  of  solution.  Mr.  Napier,  however,  found  203 
grains  of  sulphate  of  lime  per  gallon  in  water  taken  from  a  boiler^off  Ailsa 
Craig.  Its  density  is  not  stated ;  but  I  have  assumed  it  to  contain  twice 
its  natural  quantity  of  saline  matter,  or  its  density  to  be  1*0548,  sea-water 
being  1-0274 ;  this  gives  the  ratio  203  to  73,836,  or  1  of  sulphate  of  lime 
to  364  of  solution,  or  27*47  of  sulphate  of  lime  to  10,000  of  solution. 
This  proportion,  it  is  inferred,  is  either  a  saturated  solution,  or  such  as  the 
engineer  of  the  vessel  found  little  or  no  crust  formed  in.  For  want  of 
better  data,  28  of  sulphate  of  lime  to  10,000  of  solution  is  assumed  as  the 
limit  of  saturation  in  boilers  using  sea-water,  working  at  pressures  not 
exceeding  20  lbs.  above  the  atmosphere.  This  is  equivalent  to  dischar^g 
iij  or  one-half  of  the  feed  water.  This  assumption  is  confirmed  by  the 
practice  of  the  British  and  North  American  Mail  Company ;  by  Mr.  Napier^s 
Ailsa  Craig  engineer,  who  was  evidently  blowing  off  nearly  this  amount; 
and  by  an  experiment  of  Mr.  Thomas  Rowan,  one  of  Dr.  Penny's  pupils, 
made  for  the  purpose  of  ascertaining  when  the  sulphate  of  lime  and  when 
the  common  salt  deposited.  He  found,  when  he 
evaporated  2-lOths  of  the  water,  a  trace  of  sulphate  of  lime  deposited. 

'*         4-lOths  do.  do.  do. 

^'  5-lOths,  the  sulphate  of  lime  began  to  deposit  in  larger  quantities- 

**  6-lOths,  do.  do.  decided  quantities. 

**  8-lOths,  sulphate  of  lime  deposited  in  very  large  quantities ; 
also  magnesia  and  salt  began  to  form. 
Mr.  Rowan's  experiment,  although  indefinite  as  to  the  quantities,  shows 
that  the  sulphate  of  lime  begins  to  deposit  before  even  one-half  of  the  water 
is  evaporated.  It  is  probable,  therefore,  that  this  quantity,  or  more,  would 
require  to  be  discharged,  in  order  to  prevent  the  formation  of  crust  in 
boilers. 

A  saturated  solution  of  common  salt,  in  dbtilled  water,  is  given  as  27 
uf  salt  to  100  of  solution,  and  a  saturated  solution  in  sea- water  is  said  to 
be  36  of  salt  to  100  of  solution.    The  former  ratio  haa  been  chosen  for  this 
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comparison,  so  that  AV»  or  ^^7  1-lOth  of  the  feed-water  would  require  to 
l>e  discharged  in  order  to  prevent  the  formation  of  common  salt,  and  8-lOths 
to  be  neutralized  by  soda,  to  prevent  the  deposit  of  sulphate  of  lime,  the 
1-lOth  discharged  being  a  saturated  solution  of  sulphate  of  lime  and 
common  salt  It  is  thus  shown  that  bj  the  chemical  method,  it  is  necessary 
to  discharge  1-lOth  of  the  feed-water,  and  neutralize  the  sulphate  of  lime 
in  8-lOths  of  it  with  soda,  according  to  Mr.  Napier's  method,  to  prevent 
crust;  and,  by  the  mechanical  method,  it  is  necessary  to  discharge  5-lOths. 
The  quantity  of  soda  ash  (supposed  to  contain  50  per  cent,  soda)  is  found 

by  the  formula  --  of  ^  of  —  of  feed-water. 

For  the  purpose  of  illustrating  the  expense  of  both  methods  of  preventing 
crust,  and  also  the  loss  by  the  blowing-off  method,  the  case  of  a  vessel  has 
been  taken  working  at  a  temperature  of  270°,  and  evaporating  at  that 
temperature  7J  lbs.  of  water  from  100°  per  lb.  of  coaL 

Ordinary  Method.  Chemical  Method. 

Sea-water  supplied  to  boiler,  temp.  ...  100*'     15  lbs. 8*33  Iba. 

Water  discharged, 270°     7-5  lbs -83  lbs. 

Water  evaporated, 7*5  lbs 7*6  lbs. 

Total  heat  evaporating  finom  100°  at  270°  =>  32 15 -so  8216-5° 
1092  +  ^  (T,— 32)-(Tr-^82)  =  1096-) 

Heat  discharged,   1276°  142° 

Fuel  consumed  in  evaporation,  1*  lb.  coal    ...  1*  lb.  coal. 

Fuel  consumed  in  preventing  crust,  Ibb  lbs.  coal  j*^^^^  ^^^  ^*^  +  '^^^^ 

1    lbs.  soda  ash. 

TotriFud 11561bs.co.l  |1-017 lbs.  coal  + -0085 

1    soda  ash. 

Thus,  it  is  seen  that  it  requires  only  172  lbs.  coal  -|-  B5  lbs.  soda  ash, 
containing  50  per  cent,  soda,  to  be  as  efficient  in  preventing  crust,  as  1550 
lbs.  of  coal  alone,  which  evaporates  7i  lbs.  water  from  100°  at  270^  And 
these  methods  are  equally  expensive  when  the  soda  ash  is  16*2  times 
dearer  than  the  coal.  This  ratio  varies  with  the  efficiency  of  the  fuel  and 
the  temperature  of  evaporation. 

Although  when  coals  are  lOs.,  and  soda  ash  £10,  l^lr.  Napier^s  method  is 
more  expensive  than  the  ordinary  one  of  discharging  the  saturated  water, 
there  are  many  cases  where  it  is  probable  the  owners  of  vessels  would 
profit  by  its  adoption.  In  long  voyages,  for  example,  a  vessel  requiring, 
by  the  ordinary  mode,  1155  tons  of  coal,  would,  by  Mr.  Napier's  method, 
require  1017  tons  coal,  and  8^  tons  soda  ash,  or  1025^  tons  weight.  There 
would  be  a  saving  in  money,  therefore,  of  138  tons  coal  at  xj  -|-  129  tons 
freight  dXyj  —  8^  tons  soda  ash  at  zj^  or  if  coals  are  10s.  per  ton,  freight  £3, 
and  soda  ash  £11  per  ton,  the  saving  would  be  £362.  That  boilers,  how- 
ever, can  be  worked  till  the  water  in  them  is  nearly  saturated  with  common 
salt,  or  that  the  soda  ash  can  be  so  accurately  proportioned  as  to  exactly 
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neutralize  the  sulphate  of  lime,  are  problems  which  are  believed  to  be  new, 
and  have  not  yet  been  attempted.  The  considerable  saving  which  may  be 
effected  shows  that  the  method  is  worthy  of  a  trial 

From  the  foregoing  example  of  a  vessel  worked  at  a  temperature  of  270% 
it  is  also  seen  that  a  quantity  of  fuel,  equal  to  151  per  cent  of  that  which 
produces  evaporation,  is  consumed  by  the  ordinary  blowing-off  method, 
in  order  to  prevent  crust,  and  this  amount  increases  with  the  temperature. 
Brine  chests  have  been  frequently  used  for  the  recovery  of  this  notable 
loss;  but  apparently  from  a  misapprehension  of  the  quantity  of  water 
necessary  to  be  discharged,  and  a  want  of  knowledge  of  the  amount  of 
surface  required  to  absorb  the  discharged  heat,  of  a  capacity  greatly  too 
small  for  their  purpose.  If  Pedet's  formula  for  calculating  this  sur&oe  is 
to  be  trusted,  those  chests  on  board  the  West  India  mail  steamship  La 
Plata,  and  some  of  the  British  and  North  American  Company's  packets, 
are  1-1 5th  to  l-20th  of  the  size  that  would  be  efficient.  When  these  biine 
chests,  regenerators,  or  heat  economizers,  therefore,  are  made  with  a  sti^ficiaU 
amount  of  surface,  so  that  abundance  of  water  can  be  supplied  to  and 
discharged  from  the  boilers,  with  little  loss  of  heat,  then  there  will  be  no 
incrustation  of  boilers,  and  a  probable  saving  of  from  12  to  13  per  cent  of 
their  fuel.  Peclet's  formula,  or  Professor  Rankine's  reduction  of  it,  whidi 
gives  the  probable  amount  of  sur&ce  required  for  a  diffisrence  of  temperature 
of  IdO"*  between  the  feed  and  the  discharged  water,  at  1-lOth  square  foot 
per  lb.  of  brine  discharged  per  hour,  becomes  under  the  same  circumstances, 
and  when  the  quantity  of  brine  discharged  is  equal  to  the  quantity  of  water 
evaporated,  1-1 0th  square  foot  of  surface  per  lb.  of  water  ew^M^rcUed  per 
hour.  The  introduction  of  Dr.  Joule's  spiral  wires  to  the  system  will 
probably  render  less  surfiice  efficient.  This  amount  of  discharge  and 
surface,  it  is  expected,  will  prevent  incrustation,  and  save  9-lOths  of 
the  heat  at  present  lost  by  the  ordinary  method  of  blowing  off*. 


A  discussion  followed  the  reading  of  this  paper,  and  a  vote  of  thanks 
was  passed  to  the  author. 


The  following  paper  was  then  read : — 
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Particulars  of  the  toorhng  of  the  Steam-Engine  and  Boiler  at  the  Scotland 
Street  Iran  Works.    By  Mr.  William  Tait. 

Three  years  ago,  the  writer  commenced  a  series  of  experiments  for  the 
purpose  of  yerifying  in  some  measure  the  advantages  alleged  to  be  derived 
from  the  use  of  high-pressed  steam,  worked  more  or  less  expansively,  as 
compared  with  steam  of  a  lower  pressure,  worked  in  the  usual  way. 
Those  experiments,  however,  were  soon  abandoned,  because  the  engine 
-was  very  often  worked  late,  and  occasionally  all  night,  with  a  load  at 
night  probably  not  more  than  one-half  of  that  which  constituted  the 
day's  work.  It  was  also  found  inconvenient  to  attend  at  night  to  take 
pressure  diagrams.  Similar  experiments  were  again  instituted  a  few 
months  ago,  and  although  not  so  complete  as  were  originally  intended, 
they  may  yet  be  interesting  to  those  occupied  with  similar  pursuits. 
The  economic  conditions  under  which  a  given  weight  of  coaOs  made  to 
perform  a  given  amount  of  work,  form  an  important  object  of  inquiry. 

The  experiments  were  commenced  with  steam  at  a  pressure  on  the 
safety  valve  of  551bs.  per  square  inch,  cutting  off  the  steam  in  the 
cylinder  at  one-sixth  of  the  stroke.  These  experiments  were  meant  to 
be  continued  from  week  to  week,  and  on  each  succeeding  week  with  4 
inches  more  steam  in  the  cylinder,  until  three-fourths  of  the  stroke  was 
arrived  at ;  but  this  intention  was  departed  from  in  consequence  of  the 
very  irregular  and  often  excessive  quantity  of  coal  required  to  keep  up 
the  steam.  This  irregularity  arose  from  the  circumstance  of  the  boiler 
top  being  wholly  unprotected  from  the  weather,  in  consequence  of  which, 
when  winter  came,  with  rain  and  snow,  the  consumption  of  coal  was 
increased  from  25  to  30  per  cent  over  the  usual  average  quantity. 
The  experiments  were  therefore  discontinued  for  a  few  days  until  the 
boiler  and  steam-pipes  were  covered — the  boiler  with  hair  felt  and  bricks, 
and  the  pipes  with  felt,  saw-dust,  and  wood. 

On  Monday,  12th  December,  1859,  the  experiments  were  resumed  with 
the  expansion  valve  set  to  cut  off  the  steam  at  one-fifth  of  the  stroke,  and 
were  continued  until  Saturday,  dlst  December — 3  weeks;  and  from  Mon- 
day, 9th,  until  Saturday,  14th  January,  1860,  being  4  weeks  in  all,  or  240 
hours.  Diagrams  were  taken  several  times  a-day,  and  the  mean  accepted 
as  showing  the  actual  quantity  and  force  of  the  steam  in  the  cylinder. 
M*Naught's  Indicator  was  used,  and  its  accuracy  was  occasionally  tested 
both  on  the  boiler  and  valve  casing  alongside  of  Bourdon^s  pressure 
gauges,  the  one  in  fact  checking  the  accuracy  of  the  other.  The  coal 
was  accurately  weighed,  and  the  quantities  recorded  represent  every 
pound  that  was  consumed,  including  the  getting  up  of  the  steam  in  the 
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mornings,  gathering  the  fire  at  night,  and  on  Sundays.     The  ashes  and 
clinkers  were  also  carefully  weighed. 

The  evaporation  was  tested  by  measuring  accurately  the  surface  area  of 
the  water  in  the  boiler,  and  noting  its  height  on  the  gauge  glass  before  start- 
ing the  engine  at  1 0  o'clock  a.m.,  and  at  3  oVlock,  p.m.,  and  stopping  again 
at  12  o'clock,  and  at  5  o'clock  p.m.,  until  respectively  the  ML  of  the  water 
was  ascertained.  The  engine  was  stopped  for  the  purpose  of  letting  the 
water  be  as  quiescent  as  possible.  This  again  was  partially  checked  by 
noting  the  quantity  of  water  taken  from  a  cistern. 

The  boiler  is  represented  in  Plate  VI.,  fig.  1  being  a  sectional  plan,  and 
fig.  2  a  vertical  longitudinal  section.  It  is  32  feet  6  inches  long,  by 
5  feet  2  inches  in  inside  diameter,  with  two  flues  passing  through  it  longi- 
tudinally, each  18  inches  in  inside  diameter.  The  fire  grate  measures  4 
feet  by  3  feet  3  inches,  and  the  ashpit  is  fitted  with  doors.  On  the  centre 
of  each  door  is  a  fan  valve  for  regulating  the  admission  of  air.  The  wall 
A  at  the  side  of  the  grate  nearest  the  chimney  is  built  close  up  to  the 
boiler.  There  are  air  holes  in  this  wall,  the  air  being  supplied  by  a  valve 
in  front  of  the  building  at  b.  This  air  is  of  course  to  aid  in  abating  the 
smoke  nuisance.  The  furnace  bridge  rises  to  within  5  inches  of  the  boiler, 
allowing  about  510  square  inches  for  the  passage  of  the  gases,  or  about 
40  inches  per  foot  of  fire  grate.  There  is  no  part  of  the  outer  shell  of  the 
boiler  exposed  to  the  action  of  the  fire  excepting  the  part  above  the  fur- 
nace, and  onwards  to  where  the  fl.ame  turns  upwards  to  the  flue  tubes. 
The  recipient  surfaces  compilted  by  the  usual  method  are  equivalent  to 
about  23  horse  power.  At  c,  between  the  boiler  and  damper,  there  is 
another  bridge  which  rises  to  a  level  with  the  centre  of  the  tubes,  the 
opening  over  it  being  about  300  square  inches.  The  gases  after  passmg 
this  bridge  descend  and  pass  beneath  the  damper  into  the  chimney.  The 
steam-pipe  to  the  engine  is  49  feet  long  by  5  inches  in  diameter,  and  is 
carried  through  the  chimney  at  D,  where  it  is  divided  into  4  pipes  made 
of  copper,  and  joined  to  the  iron  pipe  in  the  brickwork  of  the  chimney. 
These  pipes  possess  in  all  about  26  feet  of  surface,  and  may  take  up  a  little, 
a  very  little  of  the  heat  manifestly  goiqg  to  waste  up  tlie  chimney. 

The  engine  is  high -pressure  with  cylinder,  20  inches  in  diameter,  and  a 
stroke  of  4  feet,  and  it  made  with  great  regularity  84  strokes  per  minute 
—this  at  any  rate  being  the  mean  velocity.  The  cylinder  is  not  jacketted, 
and  has  no  covering  of  any  kind.  The  slide-valves  are  worked  by  eccen- 
trics both  for  steam  and  expansion.  Figs.  3  and  4  represent  two  pairs  of 
top  and  bottom  diagrams  taken  from  the  cylinder. 

The  following  are  the  data  and  mean  results  of  four  weeks'  observa- 
tions '. — 
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Length  of  bofler, 82  ft.  Bin, 

Diameter  of  do.  (internal),  -        -        -        -        -        -5ft.3in. 

Number  of  flues,        --------    Two. 

Diameter  of  do.  (internal),  -        -        -        -        -        -lft6in. 

Area  of  under  surface  of  boiler  exposed  to  the  fire,  -        -    61  ft. 

Do.      end  of  boiler  exposed,      -        -         -        -        -        -8  ft. 

*»       flues, 806  ft. 

Heating  surface  per  indicated  horse  power,    -        -        -        -10ft.7in. 

Quantity  of  water  In  boiler  (6  in.  above  flues),      -        -        .    851  cub.  ft 
Do.  per  horse  power,  -----     10*028  cub.  ft 

Steam  space  in  boiler,        -------    208  cub.  ft. 

Do.  per  horse  power,  -----     5'94.  cub.  ft. 

Area  of  fire-grate,      -        -        -        -        -         -        -         -     13  sq.  ft 

Do.  per  horse  power,  -        -        -         -        -        -     53-6  sq.  in. 

Water  evaporated  per  hour,         -        -        -        -        -        -    26 '8  cub.  ft 

Do.  per  horse  power  per  hour,        -        -        -    -73  cub.  ft 

Time  of  working,       --------    240  hours. 

CoalB  consumed,        --------     68,544  lbs. 

Do.        per  hour, 285-6     ** 

Do.        per  horse  power  per  hour,       -----    8-08       " 

Pounds  of  water  evaporated  per  pound  of  coal,       -        -        -    5-66       " 
CUnkexB  and  ashes,    -..-....    8509      ^* 

Per  centage  of  do.  to  the  coals  consumed,     -        .        -        -    5*1  per  cent 
Thickness  of  fire-bars,        _------!  inch. 

Spaces  between  do.,   --------g  inch. 

Description  of  coal  used,     -------     Wishaw  dross. 

Heat  of  feed-water, 124o  Fahr. 

Pressure  of  steam  in  boiler,  ------    40  lbs. 

Do.  in  valve-casing,        -        -        -        -        -    40   " 

Initial  pressure  on  piston,   -        -        -        -        -        -        -86" 

Average    do.  do.       -------     13*65  lbs. 

Travel  of  piston  before  steam  is  cut  off,  nearly       -        -        -     10  in. 
Indicated  horses  power  (usual  method),  viz. :  \ 

area  of  cylinder  X  effective  pressure  X  ft-  travelled  per  min-,  y  36*83. 
33*000  ) 

Length  of  steam-pipe,         -        -        -        -        -        -        -49  ft 

Diameter  of     do.       -        -        -         -        -        -        -         -     5  in. 

Method  of  superheating.     By  4  copper  pipes  through  chimney 

8§  in  external  diameter — ^length  28  feet— heating  surface,         26*4  ft. 
Temperature  of  steam  in  boUer  at  44  lbs.,     -        -        -        -    292«  Fahr. 

Do.  in  valve-casing  at  44  lbs.,   -        -        -    291"  Fahr. 

The  temperature  of  the  steam  in  the  boiler  and  valve-casing  was  tried, 
for  the  purpose  of  ascertaining  whether  any  and  to  what  extent  heat  was 
imparted  to  the  steam  by  the  copper  pipes  in  the  chimney.  In  the  valv€- 
casing  the  temperature  was  1*  lower  than  in  the  boiler ;  the  one  was  2°, 
and  the  other  3*  below  what  was  due  to  the  pressure.  This  discrepancy 
was  no  doubt  owing  to  currents  of  cold  air,  and,  at  the  valve-casing  par- 


50         Partkulart  ofEnghae  and  Boiler  at  Scotland  Street  Works. 

ticularlj,  to  the  radiation  of  heat  from  the  surface  of  the  part  where  the 
thermometer  was  applied.  At  times,  however,  the  temperatures  were 
uniform  and  correct. 

The  pressure  in  the  boiler  and  in  the  casing  was  indicated  hj  Bourdon's 
gauges,  and  showed  a  nearly  absolute  uniformity — the  greatest  Tariation 
being  from  one  pound  to  one  and  a  half  pounds ;  the  excess  being  some- 
times in  the  boiler  and  sometimes  in  the  casing. 

Regarding  the  quantity  of  ooals  consumed,  it  must  be  noted  that  the 
weather  was  nearly  constantly  wet  during  the  experiments;  the  coals 
were  brought  in  daily  as  required,  and  were  weighed  often  when  satu- 
rated with  water;  this  water  forming,  in  some  instances,  a  large  per 
centage.  The  weather  also  had  an  adverse  effect  on  the  boiler.  The 
stock  of  coal  in  the  work  was  kept  small  to  prevent  the  temptation  to  any 
excess  in  firing. 

The  steam  space  in  the  boiler  is  noted,  because  it  is  large  in  propor- 
tion to  the  quantity  of  steam  used  at  a  single  stroke  of  the  engine ;  this 
quantity,  including  the  filling  of  the  steam-port,  was  about  2i  cubic  feet, 
which  was  just  about  one  eighty-third  part  of  the  steam  in  the  boiler- 
This  circumstance  prevented  in  a  great  measure  the  liability  of  the  water 
to  pass  off  with  the  steam — water  passing  off  in  that  way,  accounting  satis* 
factorily  for  the  apparently  very  great  success  attending  many  experiments 
on  record;  the  success  being  in  direct  proportion  to  the  amount  of 
priming,  or  water  carried  off  with  the  steam.  It  is  doubtful  whether 
or  not  any  material  benefit  was  derived  from  so  partial  an  attempt  at  super- 
heating, as  was  tried  in  the  present  experiments. 

The  heat  in  the  flue  was  high,  and,  on  several  occasions,  melted  zinc ; 
in  fact,  it  was  melted  on  every  repetition  of  the  experiment  if  allowed  to 
remain  long  enough  in  the  flue.  Five  pounds  of  iron,  after  being  hung 
in  the  flue  for  some  hours,  gave  &*  of  heat  to  a  cubic  foot  of  water,  and 
copper  gave  the  same  result,  whilst  five  pounds  of  fire-brick  gave  8".  It 
would  thus  appear  that  the  gases  entered  the  chimney  at  a  temperature 
of  about  720''  Fahrenheit  A  close  approximation  to  the  temperature  of 
the  gases  in  a  fiue  is  obtainable  by  suspending  a  piece  of  iron  in  it  until 
saturated  with  the  heat,  and  then  immersing  it  in  six  times  its  weight  of 
water.  The  number  of  degrees  of  temperature  acquired  by  the  water 
multiplied  by  60  gives  the  temperature  of  the  gases. 

The  writer  has  to  express  his  regret  that  the  intention  with  which  he 
commenced  these  experiments  has  not  been  more  fully  carried  out. 
Although  he  foresaw  difiiculty  in  arriving  at  strictly  true  comparative 
results,  in  consequence  of  the  power  of  the  engine  being  so  much  in  excess 
of  the  work  it  had  to  perform,  and  of  the  continual  variation  in  the  quan- 
tity of  that  work,  the  difficulty  has  proved  much  greater  thaa  he  evei' 
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anticipated,  even  without  the  subject  of  the  oomparative  results  to  be 
obtained  by  different  degrees  of  expansion  having  been  entered  on. 


The  Pbksidknt  was  afraid  this  paper  would  appear  very  dry  matter  to 
some  of  the  gentlemen  present  belonging  to  the  Philosophical  Society;  but 
yet  it  was  a  most  important  one,  for  the  economy  of  fuel  was  now  a  very 
important  subject.  Not  only  would  the  proprietors  of  steam-engines  be 
benefited  by  a  saving  in  fuel,  but  the  public  would  also  participate  in  it. 
If  they  considered  for  a  moment  the  great  quantity  of  coal  consumed  in 
steamers  and  locomotives,  they  would  see  that  a  small  saving  in  fdel  per 
horse-power  would  amount  to  hundreds  of  thousands  of  pounds  per  annum. 
That  economy  and  saving  had  been  arrived  at  by  close-worked  experi- 
ments, such  as  those  which  Mr.  Tait  had  now  favoured  the  Institution 
with.  He  would  be  glad  to  hear  any  remarks  upon  the  subject  of  the 
paper. 

Referring  to  the  illustrations,  Mr.  DAYisofN,  from  New  York,  said  the 
boiler  was  of  a  form  very  common  for  high-pressure  engines  in  America. 
Generally  the  fire  was  so  placed  as  to  allow  the  heat  to  pass  first  under  the 
boiler,  and  then  through  the  flues,  instead  of  passing  first  through  the 
flues  as  in  this  country.  That  plan  was  adopted  for  safety  and  economy 
in  ftiel,  the  economy  being  generally  more  than  that  which  Mr.  Tait  had 
recorded,,  with  a  greater  proportionate  fire-surface.  The  boilers  were 
generally  pretty  well  covered  or  protected  from  radiation. 

Mr.  Tait  remarked  that  at  first  his  furnace  had  an  area  of  19  square 
fe^  but  he  had  reduced  it  to  13  square  feet ;  and  for  this  reason  that  the 
sulF&ce  being  so  very  large,  he  had  always  too  much  steam,  when  he  had 
a  fire  upon  the  grate  sufficient  to  cover  the  grate-bars. 

Dr.  Ranking  asked  what  was  the  ratio  of  square  feet  of  heating  surface 
of  the  boiler  to  pounds  of  coal  consumed  per  hour. 

Mr.  Tait  answered  that  it  was  285  lbs.  of  coal  to  a  heating  surface  of 
375  feet,  or  about  4  feet  of  surface  to  3  lbs.  of  coal. 

In  answer  to  other  questions  as  to  whether  the  air-spaces  in  the  furnace 
wall  were  not  too  small,  and  as  to  the  heat  of  the  water  let  into  the  boilers, 
Mr.  Tait  said,  that  so  far  from  that  being  the  case,  the  damper  of  the 
furnace,  which  was  22  inches  wide,  had  never  to  be  raised  above  five 
inches.  In  fact,  he  could  consume  any  reasonable  quantity  of  coal  in  it. 
The  draught  was  far  too  great  for  the  size  of  the  furnace.  They  had 
been  feeding  the  boiler  with  water  at  140'' ;  but  he  expected  that  they 
would  soon  feed  it  with  water  at  180°. 

Mr.  Brownlee  expressed  his  wonder  that  condensing  engine-boilers 
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should  even  be  fed  with  water  at  less  than  200^,  it  being  so  easy  to  have 
it  heated  even  above  that  point 

Dr.  Rankinb  said,  that  in  high-pressure  engines  it  seems  to  hare 
answered  well  to  condense  the  steam  at  200**  or  thereabouts,  and  to  feed 
in  wat^r  to  the  boilers  at  200^  or  a  little  higher,  and  thus  save  the  fuel. 
He  believed  that  was  done  in  Mr.  Beattie*s  locomotives,  and  was  found  to 
save  fuel  considerably. 

Mr.  D.  MoBE  said  he  had  been  much  pleased  with  an  inspection  of  the 
Scotland  Street  Engine  Works;  but  it  struck  him  that,  instead  of  reducing 
the  size  of  the  furnace,  if  the  position  of  the  fire  had  been  changed,  it 
would  have  been  found  that  less  of  the  heat  would  go  up  the  chimnej. 
If  the  flues  were  extended,  he  believed  that  little  or  none  of  the  heat 
would  in  that  waj  escape. 

The  President  said  that  the  great  use  and  value  of  such  experiments 
arose  from  the  thorough  accuracy  with  which  they  were  made.  Such 
experiments — whatever  the  result  might  be,  whether  they  showed  great 
economy  and  success,  or  a  failure — ^if  they  were  reliable,  served  important 
ends ;  and  he  had  reason  to  know  that  Mr.  Tait  had  been  working  at 
these  experiments  for  a  very  long  time,  and  had  spent  much  of  his  time 
upon  them,  and  they  had  cost  a  considerable  sum  of  money,  as  all  prac- 
tical experiments  did ;  and  therefore  he  thought  the  Institution  were  much 
indebted  to  him.  He  proposed  a  vote  of  thanks  to  Mr.  Tait  accordingly, 
which  was  passed  unanimously. 


The  following  paper  was  then  read  r — 
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On  the  Density  of  Steam.     By  Professor  W.  J,  IitIacquobn  Rankine. 

It  has  been  known  for  some  time  that  the  Density  of  Steam  deviates 
irom  the  laws  of  the  perfectly  gaseous  condition,  and  deviates  mqre  and 
more  as  the  press  tire  increases. 

A  formula  for  deducing  the  density  of  a  vapour  from  its  pressure, 
temperature,  and  latent  heat,  was  first  deduced  from  the  Mechanical 
Theory  of  Heat,  by  Professor  Clausius,  in  1849. 

The  writer,  in  the  absence  of  precise  experimental  data,  made  use  of  a 
formula  substantially  identical  with  that  of  Clausius,  to  compute  tables  of 
the  volume  and  density  of  steam  for  practical  use,  which  have  been  pub- 
lished in  Ins  work  On  Prime  Movers, 

Experiments  have  for  some  time  been  in  progress  by  Mr.  Fairbaim  and 
Mr.  Tate^  on  the  density  of  saturated  steam  at  various  boiling-points,  part 
of  which,  were  communicated  to  the  British  Association  in  September, 
1859.  In  the  foUowiug  table,  the  results  of  these  experiments  are  com- 
pared with  those  of  the  theory,  computed  by  the  aid  of  the  tables  of 
volume  and  density  before  mentioned.* 

"  Specific  Volumes''  of  Steam,  as  computed  from  the  Mechanical  Theory 
of  Heat,  and  as  determined  by  the  experiments  of  Messrs.  Fairbaim 
and  Tate: — 


Temperature 
Fahrenheit. 

Ratio  of  Yolnme  of  StnuTn  to  that  of 
Water  at  SO  degrees. 

By  Theory.                   By  Experiment 

DiifereDce. 

136°-88 

8276 

8262 

+  14 

160°016 

4790 

4911 

—  121 

171°-55 

8722 

3710 

+  12 

176°15 

8433 

8426 

+  7 

182°-32 

2960 

8046 

—  86 

188°-09 

2630 

2621 

+  9 

197°-48 

2180 

2147 

+  83 

244 

986 

896 

+  40 

245 

920 

890         ..;... 

+  30 

257 

766 

761 

+  6 

262 

698 

684 

.      +14 

268 

635 

633           

+  2 

270 

616 

604           

+  12 

288 

606 

490           

+  16 

*  (Note  added  in  Augost,  1860.) — The  experiments  in  this  table  consist  principally  of 
thoee  laid  l)efore  the  British  Association  at  Aberdeen  in  1869.  A  more  extensive  series  of 
experiments,  including  some  on  superheated  steam,  have  since  been  made  by  Messrs,  Fair- 
baim and  Tate,  and  communicated  to  the  British  Association  at  Oxford.— (CVri^  Engineer 
and  ArchiiecCs  Journal^  August,  I860.} 
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The  PuBSiDENT  8^d  that  this  was  one  of  the  periodical  instalments  with 
which  Dr.  Hankine  faTOured  the  InstitutioDy  and  which  were  very  raluable 
to  them,  and  tended  to  help  on  the  general  improvement  in  economy  of 
fueL  It  was  most  satisfactory  to  find  that  the  hypothetical  results^  pnb- 
lished  long  before  any  of  these  experiments  had  been  made,  were  bome 
ont  by  them,  as  it  showed  the  correctness  of  the  data  firom  which  they  had 
been  worked  out 

Mr.  Bbownleb  had  given  some  attention  to  this  subject,  but  had  not 
before  seen  the  first  half  of  the  above  table  of  experiments,  which  agreed 
remarkably  well  with  the  density  as  deduced  from  the  mechanical  theory 
of  heat.  He  referred  to  experiments  which  had  been  made  by  Regnault 
at  low  pressures,  in  which  the  apparent  maximum  density  was  about 
'646,  being  greater  than  that  observed  by  Messrs.  Fairbaim  and  Tate  at 
similar  temperatures.  When,  however,  the  temperature  was  increased 
3"*  or  4^  beyond  that  which  belonged  to  the  pressure,  the  densi^  fell  to 
nearly  '622  (being  the  theoretic  density  of  gaseous  steam),  at  which  it 
remained  nearly  constant  at  higher  temperatures.  The  relative  weight 
of  equal  volumes  of  air  and  gaseous  steam,  when  taken  at  similar  tempe- 
ratures and  pressures,  being  constantly  as  1  to  * 62 2,  their  rate  of  expansion 
must  be  the  same.  The  apparent  density  and  rate  of  expansion,  when 
near  the  condensing  point,  is  much  greater ;  but  this,  it  was  suspected  by 
Begnault,  might  partly  arise  from  particles  of  water  adhering  to  the  sur- 
face of  the  glass.  Various  experimenters  have  given  the  density  of  steam 
of  atmospheric  pressure  at  -622  to  '625,  but  in  those  experiments  the  den- 
sity was  never  observed  exactly  at  the  boiling  temperature,  but  always  at 
a  temperature  somewhat  exceeding  that  which  belonged  to  the  pressure, 
this  being  necessary  to  dislodge  particles  of  water  which  adhered  to  the 
surface  of  the  glass  globe,  inside  which  the  water  was  evaporated.  Some 
experiments  made  in  a  different  manner  by  Southern  and  Crichton,  at 
pressures  of  40,  60,  and  80  inches  of  mercury,  show  a  greater  density 
than  that  found  by  Messrs.  Fairbaim  and  Tate.  Although,  therefore,  the 
density  of  steam,  as  determined  by  the  latter  gentlemen,  is  greater  than 
has  generally  been  believed,  it  is,  at  the  same  time,  less  than  was  found 
by  Southern  and  Crichton ;  and  it  is  gratifying  to  find  that  those,  the 
latest  experiments,  agree  so  closely  with  deduction  made  from  the 
mechanical  theory  of  heat,  a  subject  which  had  been  so  ably  treated  by 
Professor  Hankine. 

Dr.  Kankine  said  tliere  were  one  or  two  things  that  he  might  state  in 
connection  with  this  matter.  The  whole  of  the  experiments  made  in 
obtaining  the  results  in  the  table  had  been  made  with  steam  at  the  point 
of  saturation.  He  thought  that  Mr.  Brownlee  was  right  in  saying  that  a 
small  amount  of  superheating  would  bring  the  steam  iuto  a  condition  in 
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which  it  would  very  nearly  follow  the  laws  of  perfect  gases,  the  heat  over- 
coming the  force  which  caused  it  to  deviate  from  these  laws.  Then  as 
various  experiments  had  been  referred  to,  he  might  state  that  those  of 
Mr.  Siemens  had  given  densities  greater  than  those  which  had  been 
observed  by  Mr.  Fairbaim.  This  might  be  accounted  for  by  the  attraction 
between  glass  and  steam.  If  steam  were  put  into  a  glass  vessel  it  would 
be  found  that  there  was  a  film  of  water  lining  the  inside  of  the  vessel  ; 
and  supposing  the  volume  of  that  vessel  to  be  measured,  and  the  density 
of  the  steam  ascertained  by  weighing,  the  result  woidd  be  too  great.  As 
to  the  decimal  *622  or  thereabouts,  as  the  specific  quantity  of  gaseous 
steam,  it  was  most  probably  correct,  as  it  agreed  with  the  sum  of  the 
weights  of  the  chemical  components  of  steam  as  ascertained  by  expe- 
riments on  the  density  of  oxygen  and  hydrogen.* 

Mr.  Brownlee  said  that  in  Mr.  Siemens*  experiments  he  had  not 
apparently  made  any  allowance  for  this  attraction  of  steam  for  the  glass, 
so  that  the  apparent  expansion  was  much  greater  than  it  really 
was.  He  had  himself  gone  over  the  same  kind  of  experiments,  and  had 
clearly  observed  the  error  from  this  attraction  of  the  particles  of  the 
glass-surface,  but  when  he  got  clear  of  that  attraction  he  found  no 
difference  between  the  expansion  of  air  and  gaseous  steam.  There  was 
another  error  he  thought  Mr.  Siemens  had  fallen  into.  In  computing  the 
expansion,  he  made  no  allowance  for  the  evaporation  of  the  mercury,  so 
that  a  thirtieth  part  of  what  he  had  computed  as  steam  must  have  been 
Tapour  of  mercury. 

Tlie  thanks  of  the  meeting  were  then  voted  to  Dr.  Rankine  for  his 
paper. 


Mr.  Simons  then  read  some  additional  remarks  regarding 

Improvements  in  Iron  Ship-building, 

which  are  incorporated  in  his  paper,  page  36.  The  discussion  of  the 
subject  was  resumed. 

Mr.  Lawbie  objected  that  the  want  of  cross  frames  in  the  diagonal 
vessel  would  detract  from  its  strength. 

Mr.  Simons  in  reply  to  that  and  some  questions,  said  that  there  had 

•  (Note  added  by  the  author  in  September,  1860.) — ^By  an  experiment  made  by  MM. 
Sainte  Claire  Deville  and  Trooet,  the  density  of  steam  of  atmospheric  pressure  at  850° 
cent,  =  662°  Fahr.,  was  found  to  be  *623,  agreeing  almost  exactly  with  that  computed  on 
the  suppodtioa  of  its  being  perfectly  gaseous. — (ilim.  de  C%  et  de  Ph.^  March,  1860.) 
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been  a  diagonal  vessel  built  which  carried  2500  tons.  The  calculation 
was  that  the  new  mode  of  building  would  be  much  cheaper,  because  he 
held  that  in  a  diagonal  vessel,  with  two  thicknesses  of  plates,  thej  might 
almost  dispense  with  the  vertical  bands.  It  was  not  likelj  that  LLojds 
would  at  once  agree  to  dispense  with  them  however. 

Mr.  J.  R.  Napier  rather  thought  this  double  plating  woiild  be  found 
to  be  considerably  more  expensive,  and  he  could  not  see  that  tbere  was 
any  gain,  if  they  had  only  double  butts.  He  would  not  have  the  verti- 
cal frames,  he  would  rather  have  longitudinal  ones.  He  could  not  say 
that  he  approved  of  the  windlasses  being  passed  through  the  masts,  as 
compared  with  the  old  established  plan  of  making  things  where  they 
could  get  at  them  easily.  He  did  not  know  either  that  the  iron  masts 
were  an  advantage,  as  there  was  a  great  difficulty  in  getting  them  cut 
away  in  an  emergency,  like  that  of  the  RoycU  Charter, 

Mr.  Simons  .said  that  the  winch  arrangements  in  the  iron  masts  could 
be  made  substantial  by  double  plating  around  them,  and  as  for  the  danger 
of  iron  masts,  that  seemed  to  be  considered  very  little,  as  ten  out  of  every 
dozen  ships  were  now  made  with  them.  Some  large  ships  had  appliances 
attached  for  collapsing  the  masts,  and  letting  them  fall  overboard. 

Mr.  Chaplin  had  no  doubt  that  if  they  were  cleared  of  the  rigging, 
the  iron  masts  would  go  over  the  side  with  their  own  weight. 

Mr.  Simons  mentioned  that  there  was  an  iron  ship  of  900  tons  being 
constructed,  which  would  give  the  new  principle  a  fair  trial. 

The  President  regretted  having  been  absent  at  the  previous  meeting 
when  this  question  was  brought  before  the  Institution.  He  thought  this 
subject  could  not  be  too  much  before  them.  Both  the  press  and  the 
public  had  been  recently  speaking  against  iron  ships  altogether,  whereas 
they  ought  to  have  confined  their  remarks  to  weak  vessels,  which  he  was 
sorry  were  ever  made.  If  weak  ve,ssels  were  placed  in  such  awkward  posi- 
tions as  that  in  which  the  Roi/al  Charter  was  put,  no  other  result  could  be 
anticipated.  No  doubt  that  vessel  broke  up  very  soon  ;  but  he  was  glad 
to  have  an  opportunity  of  stating  that  in  his  belief,  and  he  was  not  a  ship- 
builder, the  ship -builders  were  not  in  the  smallest  degree  to  blame.  If 
blame  is  to  be  attached  anywhere  for  iron  ships  being  too  weak  or  too 
light  for  carrying  cargo  and  passengers,  it  ought  to  be  put  upon  the  ship- 
owners and  the  public,  and  that  did  not  require  any  elaborate  reasoning 
to  prove.  It  was  a  fact  that  when  a  purchaser  went  to  buy  a  ship,  the 
first  thing  he  asked  was  the  price,  and  he  scarcely  ever  inquired  about 
the  quality  of  the  vessel.  This  was  carried  out  to  such  an  extent  thai 
people  frequently  went  to  one  builder,  and  aflerwards  finding  another 
who  would  build  a  ship  a  little  cheaper,  the  latter  was  preferred  to  the 
former,  although  the  relative  strength  of  the  ships  would  be  very  difiTerent. 
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Now,  this  system  had  produced  its  fruit,  for  of  course  builders  had  to  live 
by  their  trade  like  others,  and  were  anxious  to  get  as  many  contracts  as 
possible.  The  press  grumbled  and  said  that  they  did  not  use  good  iron ; 
but  the  answer  to  that  was  ready— We  can't  afford  to  buy  good  iron :  we 
can't  give  the  price.  If  shipowners  would  give  them  more  money,  or  if 
the  public  would  let  them  alone,  and  Lloyds  not  interfere  so  much  with 
shipbuilders,  ships  would  be  produced  which  would  do  credit  to  all  con- 
cerned. This  was  the  first  paper  on  this  subject  they  had  had;  but  he 
hoped  that  others  would  soon  be  brought  forward.  He  proposed  a  vote 
of  thanks  to  Mr.  Simons,  and  hoped  he  would  continue  to  give  them  the 
result  of  his  experience  in  the  matter  of  ship-building. 


d8  On  Hydraulic  Presses. 


The  Fifth  Meetiko  of  the  Session  was  held  in  the  Philosophical 
Society's  Hall,  on  Wednesday,  15th  February,  18G0— the  President  in 
the  chair. 


Tlie  following  paper  was  read : — 

On  Hydraulic  Presses^  and  some  Improvements  in  their  Construction. 
By  Mr.  David  More. 

The  first  invention  that  gave  an  impulse  to  the  construction  and  useful 
working  of  the  hydraulic  press  was  that  of  Mr.  Bramah,  who,  about  the 
year  1795,  discovered  and  patented  his  peculiar  packing  for  the  neck  of 
the  cylinder,  and  which  is  still  universally  used  in  these  machines.  Before 
that  time  the  principles  of  the  hydraulic  press  were  thoroughly  under- 
stood ;  but  the  great  and  seemingly  unconquerable  difficulty  of  rendering 
the  working  portion  of  the  machine  perfectly  water-tight,  prevented  its 
general  application  to  any  useful  purpose.  It  may  therefore  be  conceived 
that,  so  soon  as  Bramah^s  invention  was  made  public,  no  time  would  Ik* 
lost  in  taking  advantage  of  this  simple  and  economical  method  of  usinsr 
water  as  a  means  of  multiplying  and  transmitting  pressure  wherever  it 
was  applicable. 

It  is  stated  that  the  first  application  of  his  invention,  and  superintended 
by  Bramah  himself,  was  for  the  uprooting  of  several  large  trees  that  stood 
in  the  way  of  some  agricultural  operations.  This  was  comparatively  but 
a  light  task,  and  yet  there  is  no  doubt  it  would  be  looked  upon  with  great 
interest  and  some  anxiety  by  many  who  still  remained  sceptical  as  to 
the  great  power  the  invention  was  said  to  have  developed. 

It  is  unnecessary  in  this  paper,  and  before  this  society,  to  enter  further 
into  details  regarding  the  early  history  and  progress  of  this  machine ; 
especially  as  our  time  can  be  more  profitably  occupied  in  setting  forth  its 
various  capabilities  as  now  employed,  discussing  improvements  in  its  con- 
struction, and  the  difi[iculties  connected  therewith. 

One  of  the  most  common  purposes  to  which  the  hydraulic  press  is 
applied  is  that  of  packing  goods  for  shipment ;  and  when  we  consider  the 
many  million  bales  of  merchandise  of  various  kinds  that  are  annoallj 
transmitted  from  one  country  to  another,  we  are  prepared  to  find  that 
great  advantage  has  been  taken  of  this  most  powerful  method  of  reducing 
bulk  to  facilitate  stowage  and  diminish  freight.     Formerly,  cotton  was 
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shipped  from  the  United  States  almost  in  the  condition  in  which  it  left 
the  plantation,  and  being  but  loosely  packed,  the  difficulty  often  occurred 
that  the  ship  was  unable  to  stow  a  sufficient  quantity  to  bring  her  into 
sailing  trim.  To  obviate  this  evil  large  packing  establishments  have 
been  erected  at  the  principal  seaports  of  the  Southern  States,  and  when 
the  shipping  season  comes  round  these  are  fully  engaged  repacking  the 
inland  bales  to  suit  the  requirements  of  the  merchants.  The  cotton 
presses  at  New  Orleans  are  many  of  them  very  powerful,  and  the  general 
metliod  of  working  them  is  to  put  in  two  or  three  of  the  country  bales, 
and  press  them  so  hard  that  they  occupy  less  space  than  would  have 
contained  one  in  its  original  state.  The  principal  features  to  be  observed 
in  the  manufacture  of  cotton  presses  are  rapidity  of  action  and  great 
pressure,  thus  combining  two  principles  in  mechanics  requiring  almost 
unlimited  strength.  For  working  their  presses  one  firm  in  New  Orleans 
has  a  set  of  pumps  arranged  and  acting  in  the  following  manner : — A 
pair  of  high-pressure  steam  engines,  with  10-inch  cylinders  and  30-inch 
stroke,  is  set  on  a  bed  plate  containing  four  2^-inch  gun-metal  force 
pumps,  with  12  inches  stroke.  The^e  pumps  are  coupled  directly  to  the 
working  beams  of  the  engines,  and  are  capable  of  raising  the  piston  or 
ram  of  a  12 -inch  press — exerting  a  pressure  of  300  tons — 3  feet  per 
minute.  The  engine^  are  supplied  with  steam  at  a  pressure  of  80  lbs. 
per  square  inch. 

In  all  the  manufacturing  districts  of  our  own  country  hydraulic  presses 
ore  largely  employed  in  the  dressing  and  finishing  of  the  various  textile 
fabrics  that  form  so  large  a  portion  of  our  produce ;  and  for  this  purpose 
they  are  made  of  various  shapes,  sizes,  and  strengths,  to  suit  the  different 
degrees  and  style  of  finish  that  may  be  required.  In  some  cases  cold 
pressing  is  sufficient,  while,  in  other  cases,  hot  plates  of  malleable  iron 
are  interspersed  among  the  goods — in  order  to  produce  an  appearance 
that  will  cause  them  to  sell  well  when  brought  into  the  market. 

For  expressing  oil  from  seeds,  fatty  matter,  &c.,  nothing  has  yet  been 
invented  in  any  degree  equal  to  the  hydraulic  press,  and  it  is  doubtful  if 
anything  better  can  be  devised;  for  in  it  are  combined  the  principal 
qualifications  that  render  this  operation  successful.  In  working  an  oil 
press  it  is  necessary  that  the  power  should  be  brought  on  gradually,  to 
allow  time  for  the  globules  containing  the  oil  to  burst,  otherwise  the  bags 
or  wrappers  in  which  the  seeds  or  fatty  matters  are  placed  would  be  rent 
in  pieces.  This  object  is  easily  attainable  by  applying  variable  speeds  to 
the  force-pumps,  or  by  employing  two  or  three  pumps  of  different  sizes — 
the  larger  ones  being  fitted  with  self-acting  apparatus  for  disengaging  them 
when  arrived  at  their  maximum  pressure,  and  the  small  one  being  thus 
left  to  finish  the  operation  slowly. 
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Within  the  last  ten  years  great  improvements  have  been  made  in  tbe 
presses  adapted  for  this  purpose.  The  old  system  of  bags  or  wrappers  far 
enclosing  the  materials  to  be  pressed  has  been  nearly  altogether  sap- 
planted  by'cast  or  malleable-iron  cylinders,  closely  pierced  with  small  holes, 
through  whlcb  the  oil  escapes  while  under  pressure ;  and  a  still  further 
improvement  is  now  in  operation  by  which  these  perforated  cylinders  are 
done  away  with,  and  the  oil  allowed  to  run  free  from  every  part  of  the 
press.  This  improvement  consists  in  having  two  presses,  one  of  a  li^t 
construction,  merely  for  shaping  the  cakes,  preparatory  to  their  being 
placed  in  what  is  called  the  finishing  press,  which  last  is  a  very  powerftil 
and  effective  machine.  The  construction  and  working  of  these  presses 
will  be  afterwards  explained ;  but  in  the  meantime  it  is  proper  to  observe 
that  they  are  made  under  a  patent  granted  to  a  gentleman  of  the  name  of 
Wilson,  for  many  years  resident  in  one  of  our  colonies,  and  who  has 
devoted  much  of  his  attention  to  this  useful  and  important  subject. 

Another  excellent  invention,  abo  patented,  is  that  of  the  lead  rod  and 
pipe  machine.  In  this  apparatus  the  hydraulic  pressure  is  employed 
for  forcing  lead  in  a  half- melted  state  through  dies  of  various  sizes,  cor- 
responding to  the  outside  diameter  of  lead  pipes,  and  they  can  be  made 
in  lengths  much  longer  than  was  formerly  practicable.  One  of  these 
machines  has  been  erected  in  the  arsenal  at  Woolwich  for  the  purpose  of 
making  the  lead  rod  from  which  the  rifle  bullets  are  formed,  and  has 
proved  eminently  successfuL 

The  patent  hydraulic  purchase  for  slip  docks  is  another  useful  and 
beneficial  application  of  the  same  principle ;  but  as  it  has  been  thoroughly 
described  in  a  paper  read  before  this  society  by  Air.  Bell  last  Session,  it 
requires  nothing  but  a  passing  notice  here. 

Scott*s  patent  keel-block  is  another  invention  deserving  of  notice,  espe- 
cially to  shipbuilders,  as  it  is  important  for  them  to  know  how  far  a  ship 
requiring  repair  retains  her  original  outline,  and  to  be  able,  with  Httle 
trouble  or  expense,  to  set  all  fair  again  before  proceeding  to  strengthen  or 
alter  her  where  she  may  be  found  defective. 

Maccaroni,  so  much  used  on  the  continent,  as  well  as  in  this  country, 
is  now  manufactured  by  means  -of  a  hydraulic  press.  Formerly  it  was 
squeezed  through  the  small  holes  in  the  copper  cylinder  containing  the 
dough  by  means  of  a  screw  or  long  lever ;  but  this  process  was  so  slow 
that  at  last  it  was  found  necessary  to  apply  hydraulic  pressure,  which 
has  proved  eminently  successfuL  The  hydraulic  cylinder  is  eight  inches 
in  internal  diameter,  and  the  cylinder  for  the  dough  about  eighteen  inches. 

There  is  a  very  useful  purpose  to  which  the  press  has  lately  been 
applied.  In  forming  cofier-dams  it  is  sometimes  necessary  to  drive  sheet- 
piUng,  and  in  doing  so  it  often  happens  that  one  of  the  piles  is  diverted 
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from  the  perpendiciilar ;  when  it  has  to  be  withdrawn.  This  is  frequently 
a  difficult  operation;  but  the  difficulty  has,  in  a  great  measure,  been 
overcome  by  the  application  of  a  hydraulic  cylinder,  worked  by  a  small 
band  pump — two  men,  with  the  greatest  ease,  drawing  the  longest  pile. 

I  need  not  dwell  any  longer  on  the  application  of  this  power  in  its 
Tarious  forms,  but  proceed  now  to  the  more  important  part  of  the  subject 
— ^the  construction  of  the  working  part  of  the  machines,  difficulties 
connected  with  the  same,  and  improvements  suggested.  In  the  manu- 
facture of  hydraulic  presses  of  whatever  form,  and  for  whatever  purpose, 
the  parts  requiring  the  greatest  care  and  attention  are  the  cylinder  and 
piston;  for  on  these  depend  the  thorough  efficiency  of  the  whole 
machine.  The  first  thing  requisite  in  the  piston  is,  that  it  be  made  of 
strong  hard  iron,  very  close,  and  uniform  tiiroughout ;  and,  secondly, 
that  it  be  accurately  turned  and  made  truly  parallel  from  end  to  end,  and 
then  carefully  polished  to  facilitate  its  working  smoothly  through  the  neck 
leather  of  the  cylinder.  To  procure  a  good  cylinder  is  of  still  greater 
importance,  as  it  is  generally  the  heaviest  part  of  the  whole  machine,  and 
requires  to  be  completely  finished  before  it  can  be  proved  or  tested ;  and 
if  the  casting  should  prove  unsound,  as  is  oflen  the  case,  the  whole  labour 
expended,  not  to  speak  of  the  trouble  and  expense  of  recasting,  constitutes 
a  serious  item  in  the  cost  of  construction.  To  obviate  this  difficulty, 
many  forms  of  cylinders  have  been  tried— one  maker  preferring  a  flat 
bottom  of  equal  thickness  with  the  sides,  and  causing  the  casting  to 
be  poured  with  the  mouth  upwards.  Another  form  is  that  of  the 
bottle  bottom,  which  for  many  years  was  considered  the  best  that  could 
be  devised,  and  even  yet  has  many  advantages  to  recommend  it  to  our 
notice.  Cylindei*s  with  the  bottom  shaped  in  the  form  of  a  pear  are  much 
used  by  the  English  makers,  and  often  with  good  results. 

On  Plate  VIL  are  represented  the  various  forms  mentioned  above. 
Fig.  1  is  cast  with  the  mouth  down,  and  nm  with  three  or  four  pouring 
gates  or  runs  round  the  bottom.  A  serious  objection  to  this  form  of 
cylinder  is  that  the  bottom  frequently  blows  square  ofi^.  To  obviate  this 
objection,  cylinders  have  been  cast  of  the  form  shown  by  fig.  8,  which 
has  proved  more  successful.  Many  engineers  adopt  the  form  of  cylinder 
shown  in  ^g.  2,  and  the  invariable  practice  is  to  cast  those  made  on  this 
principle  with  the  mouth  uppermost.  A  frequent  source  of  annoyance 
with  this  construction  is  the  porous  nature  of  the  iron  near  the  mouth ; 
into  this  part  of  the  cylinder  the  water  is  easily  forced,  and  soon  finds  its 
way  up  past  the  packing  in  the  cylinder.  This,  however,  only  occurs  when 
the  casting  has  been  poured  by  several  small  runs  or  gates.  The  usual 
method  now  is  to  carry  up  the  head  of  the  cylinder  18  inches  or  2  feet 
above  the  working  part,  and  afWrwards  cut  off  this  extra  portion  in  the 
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turning  lathe;    by  this  means  the  casting  is  rendered  solid   in  eTery 
part. 

The  only  other  form  now  to  be  mentioned  is  that  which  is  almost  inva- 
riably  adopted  in  Scotland,  and  is  represented  in  fig.  4.  Cylinders  of  this 
construction  are  cast  mouth  downwards,  and  the  pouring  gate  is  made 
so  large  that  it  embraces  fully  more  than  half  the  thickness  of  metal  on 
the  side  of  the  cylinder  all  round.  The  gate  is  carried  up  from  2  to  3 
feet  above  the  bottom  of  the  cylinder,  and,  when  in  the  lathe,  is  cut  off 
at  such  a  length  as  will  leave  sufficient  thickness  to  render  the  bottom 
tight.  Although  cylinders  foimed  on  this  plan  have  been  very  successful, 
I  am  of  opinion  that  the  great  mass  of  metal  in  the  gate  is  very  objection- 
able, as  it  must  undoubtedly  be  the  means  of  causing  the  casting,  when 
cooling,  to  shrink  unequally,  and  thus  produce  a  radical  defect  in  the 
cylinder.  This  idea  is  supported  by  the  fact  that  when  cylinders  on  this 
construction  burst,  the  bottom  is  generally  blown  off  at  the  same  time, 
tearing  a  portion  of  the  body  along  with  it,  as  shown  in  fig.  5. 

Having  suffered  much  annoyance,  and  been  put  to  a  great  deal  of 
expense  by  defective  cylinders,  the  firm  with  which  the  writer  is  connected 
decided  on  trying  an  experiment  on  a  large  scale : — ^Requiring  a  powerful 
press  for  our  own  business,  we  have  constructed  one  with  a  16>inch  piston, 
and  made  the  frame-work  in  the  following  manner,  as  shown  in  figs.  6  and  7, 
Plate  VIII.  Instead  of  having  the  cylinder  hanging  on  the  bottom  sill  or 
frame,  it  is  made  like  an  ordinary  steam  cylinder,  without  a  bottom,  a  strong 
malleable  iron  ring  being  put  on  each  end  to  prevent  it  splitting  verti- 
cally. The  pillars  are  made  of  sufficient  length  to  pass  down  the  sides  of 
the  cylinder  and  through  the  bottom  frame,  which  is  placed  under  iu  A 
plug  on  the  bottom  frame  carries  a  packing,  to  render  the  joint  between 
it  and  the  cylinder  water-tight.  The  whole  press  is  thus  screwed  firmly 
together,  so  that  before  the  bottom  can  be  blown  off  the  piUars  must  give 
way,  which  is  a  very  unlikely  thing  if  made  of  sufficient  strength  and  good 
material ;  in  point  of  fact,  the  scrap-iron  pillars,  if  at  all  properly  propor- 
tioned, are  rarely  torn  asunder. 

It  only  remains  to  be  stated  that  this  press  has  now  been  in  operation 
for  some  time,  and  it  has  been  subjected  to  a  very  severe  proof,  remaining 
long  under  pressure,  and  small  quantities  of  water  forced  into  the  cylinder 
at  intervals,  this  being  a  far  greater  test  of  strength  than  continuous 
pumping.  The  experiment  has  been  entirely  successful,  which  is  more 
remarkable  when  the  quantity  of  material  is  considered;  there  being 
nearly  14  tons  of  cast-iron,  and  3  tons  6  cwt.  of  malleable-iron  in  the 
machine. 
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Mr.   More  remarked  that  be  was  of  opinion  that  the  cylinders  of 

liydratdic  presses  ought  to  be  left  at  least  six  or  eight  months  af^er  being 

cast  before  they  were  brought  into  operation.     He  was  of  opinion  that 

iron  cast  in  masses  like  that  of  cylinders,  did  not  come  to  a  perfectly  set 

state  for  six  or  eight  months  afler  casting.     There  was  another  thing  he 

was  also  anxious  to  bring  before   them,  and  that  was  that  he  did  not 

consider  that  the  quality  of  iron  they  were  now  getting  in  Scotland  was 

suitable  for  that  class  of  castings.      The   English    engineers  cast  their 

cylinders  thinner  than  they  did  in  Scotland,  and  they  could  put  a  pressure 

of  8  tons  per  square  inch  upon  them ;  whereas  they  in  Scotland  could 

only  trust  2i  tons  upon  theirs,  and  oflen  they  were  thicker  in  the  sides  than 

those  of  English  make.    He  would  likewise  call  their  attention  to  the  fact 

that  hydraulic  presses  burst  oflen  with  less  strain  upon  them  than  what  had 

been  upon  them  at  some  former  period,  and  that  they  always  burst  some 

time  after  the  pressure  was  applied,  and  not  when  the  men  were  working 

the  pumps.     It  was  generally  found  that  the  press  was  lefl  set,  that  in 

about  a  quarter  of  an  hour  afterwards  a  crack  was  heard,  and  that  when 

they  repaired  to  the  place  they  found  the  press  was  burst.     The  theory 

he  had  to  explain  this  was,  that  the  friction  of  the  water  upon  the  side  of 

the  cylinder  produced  a  certain  amount  of  heat,  which  expanded  the  iron, 

although  not  to  a  degree  that  could  be  measured,  yet  in  a  degree  that 

caused  the  damage.   The  press  being  set,  the  cylinder  cools  down ;  and  as 

the  water  will  not  yield,  something  else  must  give  way.    Then,  as  regarded 

the  breaking,  with  less  strain  than  formerly.    The  press  might  have  been 

tested  at  250  or  300  tons.     He  believed  that  the  cylinder  might  then 

begin  to  give  way,  and  every  time  that  it  was  afterwards  used  the  crack 

became  larger,  from  the  water  being  driven  into  it,  and  thus  by  and  by 

it  burst  at  a  comparatively  light  pressure.     He  had  split  up  a  cylinder, 

and  found  water  about  the  half  thickness  of  it,  which  appeared  to  have 

been  confined  in  the  body  of  the  metal,  and  which  must  have  been 

crushed  into  it  inside.     He  believed,  therefore,  that  in  trying  a  press,  no 

more  than  the  working  pressure  ought  to  be  put  upon  it ;  and  that  the 

testing  of  a  press  at  300,  which  ought  only  to  have  been  put  to  a  pressure 

of  250  tons,  was  the  cause  of  the  press  breaking. 

In  answer  to  Mr.  R.  Brown,  Mr.  More  said  that  the  price  of  English- 
made  cylinders  delivered  in  Scotland  was  £9  10s.,  and  Scotch-made  sold 
at  £8  10s.  and  £9. 

Mr.  R.  Brown  said  it  was  easily  accounted  for ;  because  Air.  More  said 
that  the  English  were  made  10  cwt.  lighter  than  the  Scotch.  The  Eng- 
lish made  them  lighter,  and  they  cost  a  great  deal  more,  for  their  iron 
was  much  dearer.  So  far  as  he  was  aware,  instead  of  the  quality  of  the 
Scotch  iron  falling  off,  in  a  great  many  instances  it  was  getting  better ; 
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and  he  believed  that  the  deficiency  complained  of  by  Mr.  More  was  more 
to  be  attributed  to  the  ironfounders  than  the  ironmaaters. 

Mr.  Mobs  said  he  did  not  know  that.  This  he  did  know,  that  thirty 
years  ago  3i-tou  cylinders  were  in  common  use,  but  now  he  could  not 
trust  them  under  4)  tons. 

The  President. — ^They  were  formerly  made  of  cold-blast  iron  ? 

Mr.  More. — Yes. 

Mr.  DowNiE  said  that  the  large  cylinders  at  the  arsenal  at  Woolwich 
were  made  one-half  Scotch  iron,  and  the  other  half  Hematite.  He  con- 
ceived that  the  strength  of  iron  depended  a  good  deal  upon  its  prop^' 
mixture.  No  doubt  but  that  the  price  was  the  great  bugbear.  It  was 
likely  those  cylinders  with  the  flat  bottoms  (fig.  1,  Plate  VII.)  would 
give  way  at  the  comers.  They  would  find  them  leak ;  in  consequence 
of  which,  the  form  of  cylinder  represented  in  fig.  2  had  been  tried,  as  in 
it  the  iron  gets  fairer  play  than  in  the  angular  form. 

Mr.  More  said  they  were  making  one  for  Messrs.  Robert  Napier  &  Sons 
with  a  bottom  and  a  head,  and  vnih  a  bit  cut  off  the  head. 

Mr.  Bell  thought  the  plan  of  the  false  bottom  was  good,  but  that  it 
would  not  do  in  all  cases ;  for  instance,  in  the  slip  purchase,  where  they 
had  no  bolts. 

Mr.  DowNiE,  with  reference  to  leaving  castings  some  time  properly 
to  cool,  remarked  that  it  had  been  foimd  in  America  that  guns  had 
become  stronger  by  lying  aside  for  a  while  after  being  cast. 

Mr.  Datison  had  heard  of  experiments  of  that  kind  in  America,  and 
the  reason  assigned  for  it  was  that  the  atmospheric  changes  by  expanding 
and  contracting  the  metal  made  it  stronger,  by  relieving  any  unequal 
strain  that  might  exist  in  it ;  but  whether  this  could  not  be  done  better 
by  artificial  means,  he  was  not  certain.  He  might  mention  that  he  had 
made  a  hydraulic  press  in  small  pieces,  for  the  purpose  of  being  carried 
on  mules  across  the  Andes,  no  piece  of  which  was  over  150  lbs.  weight. 
The  whole  was  made  of  maUeable-iron  and  brass,  screwed  together.  The 
cylinder  was  made  of  malleable-iron  rings,  fitting  into  each  other  an 
eighth  of  an  inch.  The  whole  press  was  put  together,  and  tested  to 
300  tons  on  an  eight-inch  cylinder.  They  took  it  to  pieces,  and  sent  it 
to  its  destination,  where,  although  they  had  no  very  good  mechanics, 
they  found  no  difficulty  in  fitting  it  together  again.  Of  course,  the 
making  of  such  a  press  was  very  expensive.  That  press  was  used  for 
packing  salt  In  South  America  they  packed  all  their  salt  by  means  of 
fire,  by  putting  it  into  an  earthen  vessel,  and  then  pouring  hot  brine  upon 
it.  But,  by  the  use  of  this  press  the  fuel  was  saved,  which  was  no  incon- 
siderable part  of  the  expense  of  manufacture.  The  press  made  it  into 
10-inch  cakes,  and  a  pressure  of  150  tons  would  make  it  as  solid  as  the 
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old  fire  process.  He  believed  the  iron  of  America  -was  better  generally 
than  that  of  this  country.  They  found  often  that  gun  scrap-iron  was  useful 
for  making  cylinders  of  presses,  the  bottoms  of  which  were  not  generally 
made  so  thick  there  as  here*  With  regard  to  testing  guns,  the  plan' 
adopted  in  America  was  to  take  one  out  of  a  parcel  cast  of  the  same  iron, 
and  fire  it  until  it  burst,  and  then  they  assumed  that  the  others  were 
capable  of  standing  so  many  charges.  Was  there  any  gauge  to  tell  the 
pressure  upon  the  hydraulic  press  ? 

Mr.  Mobs  said  there  was  one  in  use  at  the  'Victoria  Docks,  and  he 
believed  it  worked  very  well  The  difliculty  was  not  to  find  the  pressure 
at  a  given  point,  but  to  find  the  amount  of  friction  as  the  power  increased 
when  the  press  began  to  work? 

Mr.  Davisok  said  he  had  used  as  a  gauge  a  plunger  of  f ths  at  one 
end,  and  fths  at  the  other,  both  ends  being  fitted  water-tight,  without 
packing,  into  a  cylinder.  The  water  introduced  at  the  centre  pressed 
upon  the  annular  surface,  and  the  pressure  was  measured  by  a  spring 
attached  to  the  small  end  of  the  plunger.  'With  this  he  obtained  very 
accurate  results  up  to  a  pressure  of  two  tons  per  square  inch. 

The  PRESiDEifr  invited  remarks  upon  Mr.  More*s  theory  of  heat  being 
^ven  out  by  water  under  pressure. 

Mr.  More  said  that  he  put  a  thermometer  into  the  bottom  of  one 
cylinder,  and  he  made  a  very  fine  strip,  with  which  to  measure  the  cir- 
cumference, and  he  found  that  the  cylinder  was  expanded,  and  bore  out 
the  opinion  that  the  breaking  took  place  gradually. 

Mr.  Milne  said  that  the  cooling  of  the  metal  would  throw  a  strain 
inside  as  well  as  outside,  and  the  draw  was  to  the  inside. 

Mr.  Davison  mentioned  an  instance  in  which  he  said  the  inside  must 
have  cracked  first 

'Mi.  Downie  said  that  in  all  these  cylinders  there  was  a  spongy  part 
between  the  core  skin  and  the  outer  skin,  and  which  yielded  to  them. 

Mr.  Davison  said  he  had  observed  the  pipes  leading  to  hydraulic 
presses  become  heated,  and  that,  he  thought,  might  proceed  from  the 
friction  of  the  water  passing  through  the  pipes. 

Mr.  Hunt  thought  the  heat  would  arise  not  only  from  the  friction  of 
the  water  through  the  pipes  and  passages,  but  abo,  and  probably  to  a 
greater  extent,  from  the  concussion  to  which  the  water  was  subjected  by 
the  pumping  action. 

Mr.  More  thought  the  idea  of  gradual  breaking  under  alternate  strains 
was  not  confined  to  hydraulic  machines;  for  he  remembered  seeing  a 
section  of  a  railway  axle  after  it  was  broken,  and  it  bore  marks  of  not 
having  given  way  at  once.  He  thought  it  was  an  essential  thing  to  let 
large  castings  cool  gradually  in  the  pit 
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The  PBEfliDEin  said  that  the  gradual  breaking  of  crank  axles  iras  quite 
common. 

Mr.  Russell  said  that  where  he  had  known  them  split  there  was  always 
a  little  hydraulic  action  taking  place,  from  there  being,  as  it  appeared  to 
him,  a  small  aperture  in  the  side  of  the  cylinder  at  which  the  water 
insinuated  itself,  and  the  pressure  being  so  immense,  tended  to  burst 
it  One  remarkable  instance  of  breaking  fix>m  a  change  of  temperature 
had  occurred  with  a  casting  for  one  of  Ck)ndie'8  coke  bruisers.  It  was 
cast  and  put  out  into  the  yard,  and  while  there  it  broke  asunder  by  its  own 
weight  The  section  of  metal  was  about  6  inches,  and  the  depth  of  lidge 
was  about  3  inches;  but  the  distribution  of  nKtal  was  so  shockingly  bad 
that  the  casting  of  82  or  34  tons  broke,  diuring  the  night,  after  being 
exposed  for  a  few  hours  to  the  weather. 

The  Pbesidemt  said  that  such  occurrences  were  not  very  extraordinary. 
On  one  occasion  he  saw  a  very  large  casting  made  for  a  Spaniard.  He 
would  have  it  made  of  certain  proportions,  and  although  he  was  told  it 
would  certainly  break  immediately,  he  insisted  on  its  being  cast.  It  was 
done  and  turned  out  under  his  own  inspection.  Two  or  three  days  after- 
wards the  Spaniard  was  dancing  round  it  in  great  spirits,  when  it  gare  a 
crack  and  fell  in  two,  to  his  great  consternation. 

Mr.  Bell  asked  whether  it  had  been  found  out  how  Big  Ben  was 
broken  ? 

The  PBEsmsMT  said  he  suspected  that  the  metal  had  not  been  properly 
mixed. 

Mr.  HuKi  said  it  was  stated  that  the  founders  had  told  Mr.  Denison 
that  it  would  break,  but  he  insisted  on  their  using  a  too  brittle  sort  of 
metal. 

Mr.  More  did  not  think  that  iron-founders  ought  to  be  blamed  for 
cylinders  bursting.  He  quite  believed  that  Scotch  founders  were  equal 
to  those  of  any  place ;  but  he  belieyed  that  the  practical  difficulty  was 
the  expence  of  Hematite  and  Blaenavon  iron,  and  the  getting  a  sufficient 
price  to  enable  them  to  make  cylinders  from  a  mixture  of  it 

Mr.  Russell  said  that  there  was  Hematite  iron  now  manufactured  in 
this  district. 

The  Pbesidemt  said  that  in  Marseilles  he  had  seen  a  kind  of  reservoir 
of  power,  where  the  engines  and  pumps  worked  a  series  of  very  long 
loaded  rams — some  12  or  15  feet  long — the  whole  of  them  receiving  the 
power  from  the  pumps,  which  power  was  applied  for  expressing  oil  from 
seed  by  merely  turning  valves. 

Mr.  Hunt  said  that  Sir  William  Armstrong  had  applied  that  system 
very  considerably. 

Mr.  More  said  that  he  had  forgotten  to  mention  that  they  had  altered 
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a  press  at  Qarnkirk  for  making  bricks.    Presses  were  also  used  frequently 
at  paper-mills ;  and  at  Kelvindale  paper-mills  one  was  used  for  a  hoist. 

The  President  remarked  that  this  was  a  very  interesting  subject,  and 
had  been  very  ably  brought  before  the  Institution.  There  was  apparently 
great  difficulty  with  the  Scotch  iron,  in  obtaining  a  sufficiently  strong 
close-grained  casting,  and  the  reason  why  a  mixture  of  cold-blast  iron 
was  not  used,  was  explidned  in  the  candid  admission  that  they  could  not 
afford  to  pay  for  English  iron.  It  was  well  known  that  the  Scotch  iron 
was  very  varied  in  quality,  so  much  so  that  they  could  scarcely  cast 
two  cylinders  of  exactly  the  same  grain  or  character.  If  they  cast  one  the 
one  night,  and  another  the  next,  they  woxdd  certainly  find  them  different. 
They  knew  that  the  hot-blast  could  produce  inferior  iron ;  but  they  knew, 
also,  by  experience,  that  by  remelting  once  or  twice  or  thrice,  they  got  a 
much  better  iron.  By  that  means  they  could  improve  iron  greatly,  and 
especially  Scotch  iron.  They  also  found  in  their  experience  much  stronger 
iron  from  air  furnaces  than  from  cupolas.  He  was  sorry  that  they  knew 
BO  little  about  the  true  nature  of  pig-iron.  It  was  a  very  difficult  material 
to  experiment  upon,  being  so  difficult  to  melt  carefully;  and  then  an 
alteration  in  the  quality  or  quantity  of  coke  in  the  furnace,  as  well  as  of 
the  blast,  modified  the  whole  matter.  However,  they  must  be  guided  by 
practice ;  and  by  using  air  furnaces,  by  melting  and  remelting,  and  by  a 
proper  mixing  of  iron,  he  had  no  doubt  it  would  be  considerably 
improved.  He  concluded  by  moving  a  vote  of  thanks  to  Mr.  More  for 
his  paper. 

Mr.  R  Bbown  could  hardly  agree  with  what  had  been  said  about  Hema- 
tite and  Blaenavon  iron.  They  must  not  look  at  them  as  purely  English 
ores,  as  they  were  only  so  in  part.  They  were  not  bands  or  seams  of 
iron-ore,  but  peroxides.  They  contained  occasionally  as  much  as  90  per 
cent  of  pure  iron,  aud  on  the  average  65  per  cent.  Though  they  were 
used  in  aU  classes  of  machinery  of  great  strength,  such  as  hydraulic 
cylinders,  stiU  the  greater  part  of  Scotch  irons  was  of  a  much  stronger 
nature  than  the  majority  of  English  irons.  He  would  like  it  to  be  known 
here  that  Scotch  iron  was  certainly  quite  equal  if  not  superior  to  most 
English  irons. 

The  Pbesident  said  that  Mr.  Brown  was  quite  right  in  saying  that 
Hematite  and  Blaenavon  were  not  English  ores  pectdiarly,  and  also  that 
there  was  a  great  deal  of  iron  in  England  immensely  inferior.  In  order 
that  no  misunderstanding  might  take  place  upon  the  subject,  he  might 
state  that  there  was  some  very  inferior  iron  used  in  England,  as,  for 
instance,  that  of  the  Middlesborough  districts,  and  which  was  not  admitted 
into  contracts.  In  talking  of  the  very  highest  class  of  iron,  he  supposed 
that  they  must  go  to  England  for  it,  because  they  could  not  get  a  cold- 
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blast  iron  here ;  but  if  ihej  adopted  the  process  of  remelting,  they  ocmld 
in  Scotland  produce  iron  quite  equal  to  the  cold-blast  iron  of  ^England. 

Mr.  DowiOE  said  that  if  they  made  a  careful  selection  from  among  the 
Scotch  irons  they  would  be  well  served ;  but  there  was  tlus  difficulty 
that  the  founder  had  to  contend  with,  and  that  was  that  he  could  not 
depend  on  getting  a  sufficiently  hard  iron. 

Mr.  R.  Bbown  said  that  from  what  he  knew  of  the  founders  of  Glasgow, 
he  could  say  that  some  of  them  did  not  make  their  selections  from  the 
good  brands  in  the  market  as  they  ought  to  do.  He  stated  that  there 
had  been  a  discovery  of  Hematite  ore  in  large  quantities  in  the  Dumfries 
district,  which  it  was  likely  would  come  into  the  market,  after  a  consider- 
able outlay,  in  a  few  years. 

The  vote  of  thanks  to  Mr.  More  was  then  passed^ 


The  following  paper  was  then  read : — 
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X}e8cription  of  arrangements  for  applying  a  Hot-blast  to  Locomotive  Furnaces. 
By  Mr.  William  Mobrison. 

The  writer's  airangements  for  snppl3dng  heated  air  to  the  furnaces  of 
locomotives  are  shown  in  Plate  DL,  fig.  1  being  a  longitudinal  section 
through  the  fire-box  of  a  locomotiYe,  and  fig.  2  a  back  elevation.  The 
air  is  taken  firom  the  ash-pan,  A,  in  passing  through  which  it  is  heated  by 
the  downward  radiation  from  the  fire.  An  air  pipe,  B,  communicating 
vrith  the  back  end  of  the  ash-pan,  A,  is  carried  up  through  the  foot-plate, 
C,  and  forms  a  continuous  passage  with  a  duct,  5,  fixed  on  the  outside  of 
the  fire-door,  d,  and  moving  with  the  door  clear  of  the  pipe,  b,  when 
necessary.  The  air  entering  through  the  fire-door  is  directed  downwards 
by  a  deflecting  hood,  E,  fixed  on  the  inside  of  the  fire-door,  so  as  to  meet 
the  ascending  gases,  these  gases  being  constrained  to  move  towards  the 
fire-door  before  entering  the  tubes  by  the  fire-clay  arch,  p.  In  practice 
the  improved  arrangements  have  been  found  to  give  not  only  the  absense 
of  smoke,  but  also  an  important  saving  in  fuel.  Li  order  to  obtain  a 
measure  of  the  improvements  the  particulars  of  six  experiments  were 
noted,  three  with  the  hot-blast,  and  three  without  it,  and  the  results  are 
as  follows: — 


Comparative  results  obtained  with  and  unthout  Morrison^s  Rot-blast  fir 

Locomotives — 
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Do.  rails  heavy. 
FVost  and  snow. 
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Dimentioni  of  the  Ert^me  eoBpenmaUed  i 

Cylmdere,    -           -            ....  10  inches. 

Stroke,         ......  15  inches. 

Drivmg-wheelfl,        .....  5  feet. 

Areft  of  fire-grate,    .....  4-75  feet 

No.  of  tabes,             .....  88. 

Working  prestaie  of  steam,   ....  100  lbs  per  sqaare  inciL 

Sectional  area  clt  aeh-pan,     ....  224  aqnare  indies. 

Do.         do.     air-pipe  at  the  fire-door,      -            -  18  square  inches. 
Qoality  of  coal  used,  Dramdair. 


Mr.  Morrison,  at  tbe  request  of  the  President,  gave  an  explanation  of 
the  construction  of  the  fire-box.  He  said  the  fire-box  was  made  in  tbe 
ordinary  way.  The  air-tube  was  attached  to  the  ash-pan,  and  the  air  was 
supposed  to  be  drawn  in  by  the  action  of  the  blast  in  the  chimney.  They 
found  that  there  was  a  great  pressure  there,  and  that  the  air  entered  with 
great  velocity.  On  trying  it  experimentally,  he  had  found  the  air  rushed 
in  at  the  rate  of  fifty  miles  an  hour ;  and  also  on  trying  the  thermometer 
below  the  foot-plate  of  the  engine,  it  registered  220^,  but  that  was  the 
full  range  of  the  instrument  used.  On  running  the  engine  backwards,  he 
found  that  the  air  entered  with  a  pressure  of  only  about  1^  lbs.  per  square 
foot  less  than  when  running  forwards.  He  had  found  that  the  introduction 
of  hot  air  into  the  fire-box  had  reduced  the  smoke  yeiy  much ;  in  &ct, 
when  the  engine  was  in  motion  there  was  little  or  no  smoke  emitted.  He 
had  burnt  Drumclair  coal  in  all  the  experiments. 

Mr.  MoBE  said  he  had  applied  the  same  principle  to  a  fixed  engine.  It 
must  be  of  very  great  use  in  a  locomotive. 

The  President  said  this  seemed  to  be  a  new  scheme  of  smoke  burning. 
He  conceived,  however,  that  the  table  of  experiments  showed  the  effect 
of  the  introduction  of  heated  air  as  against  no  air  at  all.  Now,  it  would 
be  very  satisfactory  if  Mr.  Morrison  would  carry  his  experiments  a  little 
further,  and  show  the  difference  between  hot  air  introduced  into  the  fire- 
box and  cold  air.  Then  they  would  get  at  the  economy  caused  by  the  use 
of  heated  air. 

Mr.  Morrison  consented  to  bring  up  a  statement  of  further  experi- 
ments, in  accordance  with  the  desire  of  the  President.* 

A  vote  of  thanks  was  then  passed  to  Mr.  Morrison  for  his  paper,  and 
the  meeting  adjourned. 

•  Page  87. 
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The  Sixth  MsEriNa  of  the  Session  was  held  in  the  Philosophical 
Society's  Hall  on  Wednesday,  14th  March,  1860 — the  Psesident  in  the 
cliair. 


The  following  paper  was  read : — 

On  the  Construction  of  BattU-shyM,     By  Mr.  William  Simons. 

Owing  to  the  security  inspired  by  a  lengthened  peace,  and  to  the 
contented  lethargy  of  government,  the  unprotected  state  of  otir  navy  has 
only  recently  attracted  the  attention  of  the  country.  The  idea  of  more 
efficiently  shielding  a  sailor  in  battle  seems  only  now  to  have  received 
attention ;  neither  until  recently  did  it  occur  to  the  admiralty  that  it  was 
possible  to  protect  our  old  timber-built  battle-ships  from  shot,  by  which, 
as  the  records  of  our  navy  show,  many  such  were  sent  to  the  bottom.  At 
tbe  battles  of  the  Nile  and  Trafalgar  the  only  protection  a£forded  the  com- 
batants was  a  wooden  bulwark,  18  inches  thick,  through  which  the  shot 
even  at  that  time  soon  smashed  a  passage,  frequently  passing  out  again  on 
the  opposite  side ;  whilst  the  loss  of  life  at  our  naval  engagements  clearly 
demonstrated  that  British  sailors  were  cowards  only  in  one  thing,  *' Fearing 
to  be  afraid."  Why  should  a  British  sailor  not  be  protected  during  battle, 
and  have  the  same  care  taken  of  him  as  a  British  soldier  ?  We  are  all  of  us 
familiar  with  the  trenches,  the  facines,  the  earthworks,  and  angled  bastions 
of  land  warfare ;  and  why  should  we  persist  in  thinking  a  few  inches  of 
sof^  wood  a  sufficient  bulwark  for  the  protection  of  our  sailors,  irrespec- 
tive of  the  costly  fabrics  on  which  they  fight  ?  The  writer  fears  the 
reason  hitherto  has  been,  that  the  ancient  wooden  walls  of  England  have 
been  considered  perfect  as  machines  of  war  and  as  bulwarks  of  defence. 

But  during  the  last  few  years  the  nation  has  arrived  at  a  different  con- 
clusion, that,  though  these  wooden  walls  were  the  cradle  of  their  renown, 
under  modern  artiUery  they  were  likely  to  become  the  coffins  of  their 
&me,  consequently  the  plan  (borrowed,  the  writer  believes,  from  the 
French)  of  casing  our  battle-ships  with  thick  iron,  was  thought  absolutely 
necessary,  and  has  been  in  several  instances  adopted,  on  a  principle  which 
the  writer  hopes  to  show  is  erroneous;  but  which,  if  combined  with 
suitability  of  form  and  construction,  may  be  made  to  resist  modern  shot 
as  well  as  the  walls  of  Cherbourg  or  the  forts  of  Gronstadt. 

It  will  be  unnecessary  to  refer  to  the  millions  we  have  already  spent 


72  '       On  the  Construction  of  BaUU-ships, 

in  the  building  of  timber  battle-ships,  a  construction  without  duralu£tj 
or  defence,  and  liable  to  many  of  the  worst  characteristics  of  decay,  such 
as  wet  rot,  dry  rot,  and  the  teredo  navalis;  and  although  the  strongest 
and  hardest  woods  have  been  tried  in  their  defence,  such  as  Greenheait, 
Liyeoak,  Morung  saul,  Ironbark,  and  Teak,  it  has  been  with  no  greater 
success  in  resisting  shot  For  these  reasons,  and  seeing  the  progress  of 
scientific  gunnery,  the  writer  submits  that  the  time  has  now  arriTed  when 
iron  should  be  substituted  for  wood  in  the  construction  of  our  battle- 
ships. 

It  is  admitted  that  nature  in  every  operation  is  perfect ;  and  if  we 
examine  the  crocodile,  the  elephant,  the  tortoise,  the  rhinoceros,  the 
buffido,  &a,  all  of  which  are  protected  with  a  defensive  armour  more  or 
less  impenetrable,  amongst  other  valuable  hints,  we  shall  learn  that  none 
of  them  expose  a  flat  surface  of  resistance  to  the  enemy,  their  sides  and 
backs  being  more  or  less  angular,  circular,  or  pointed  ;  and  I  submit  that 
this  principle  should  form  a  leading  feature  in  the  formation  of  iron  cased 
battle-ships. 

Fig.  25,  Plate  Y.  is  the  half  section  of  a  battle-ship  built  of  iron,  having 
its  sides  from  the  waterline  up  to  the  gunwale  formed  angular,  fore  and 
afl,  with  the  apex  of  each  angle  in  the  centre  of  each  line  of  gunports.  It 
will  be  observed  that,  from  the  adoption  of  iron,  this  mode  of  construc- 
tion can  be  easily  obtained.  To  the  interior  point  of  each  angle,  the 
extremities  of  the  iron  deck-beams  are  secured.  From  the  waterline  up 
this  angular  iron  framework  is  covered  with  2|  inch  thick  steel  or  iron ; 
which  is  securely  rivetted  to  the  framework  and  beam-ends,  and  caulked 
watertight  Outside  of  this,  from  the  waterline  up  to  the  gunwale,  there 
is  built  a  vertide  bulwark  of  timber,  built  and  planked  the  same,  and 
in  construction,  material,  and  &stemng,  similar  exactly  to  the  side  of  a 
wood  battle-ship,  and  with  or  without  the  seam  plates  marked  c,  to  be 
afterwards  described.  At  the  top  and  bottom  where  it  amalgamates  with 
the  iron  hull  also  at  every  point  of  contact  with  the  angled  side,  this 
timber  side  is  strongly  secured  with  screw-bolts  and  other  fastenings,  and 
thus  forms  a  complete  junction  with  the  iron  fabric. 

Fig.  26,  Plate  V.  is  the  section  of  a  timber  battle-ship  as  at  present 
constructed,  having  the  principle  of  angular  protecting  plates  applied  to 
its  interior.  Such  vessels  may  by  this  means  be  protected  front  shot,  and 
rendered  of  some  service.  This  is  done  in  the  following  manner : — 2| 
inch  thick  steel  or  iron  plates  are  bent  into  the  angular  form  and  placed 
along  each  gun-deck,  having  the  exterior  angle  on  a  line  with  the  middle 
of  the  gunports.  These  are  then  strongly  bolted  to  the  ship*s  side  and  to 
the  wood  beams,  above  and  below.  Suflicient  room  is  left  at  the  junction 
of  the  shield  with  the  ports  to  depress,  elevate,  or  manoeuvre  the  guns. 
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The  adrantages  of  coDstructiog  battle-^hips  on  this  principle  are,  that 
the  cannon-ballf  after  having  spent  its  force  in  passing  through  2  feet 
of  oak,  or  the  side  of  our  present  timber  fleets,  will  be  retarded  in  its 
farther  course  of  destruction  by  coming  in  contact  with  the  internal  steel 
shield  at  an  angle ;  and  it  is  submitted  that  even  the  balls  from  the  Arm- 
strong or  Whit  worth  guns  will  be  unable  to  penetrate  this  system.  The 
writer  also  believes,  that  if  the  hull  is  built  of  iron,  according  to  the  plan 
shown  in  fig.  25,  and  with  a  moderate  thickness  of  the  shield  plates,  the 
displacement  would  not  exceed  that  of  an  ordinary  wood  battle-ship. 

It  is  well  known  that  there  are  at  present  building  four  iron-cased 
men-of-war;  two  of  them  each  of  3268  tons,  and  two  of  6039  tons  each. 
The  total  cost  of  these  will  be  £1,355,000.  Their  sides  are  being  cased 
externally  •  in  the  usual  vertical  position  with  4-inch  iron  fastened  to  1 8 
inches  thick  of  wood.  The  hulls  are  of  iron,  but  defective  in  principle  ; 
and  the  writer  believes  these  vessels  will  be  found  to  be  a  mistake,  which 
might  not  have  been  the  case  had  the  designs  and  specifications  been 
thrown  open  to  the  country.  £5000  offered  for  the  best  plans  of  such 
fabrics  would  not  have  been  a  large  sum  to  pay  for  them ;  and  the  result 
might  have  been  a  more  prudent  expenditure  of  the  above  enormous  sum. 
Fig.  18,  Plate  V,  is  a  section  of  the  timber  side,  having  between  the 
seams  of  each  plank  a  long  steel  plate  from  f  to  1)  inches  thick,  and  10 
inches  broad,  the  inside  edge  abutting  against  the  vessel's  vertical  tim- 
bers, and  the  outside  edge  either  flush  or  projecting.  These  plates  are 
placed  about  6  inches  asunder,  so  as  to  prevent  a  large  cannon-ball 
passing  between  them.  They  are  also  bolted  vertically  to  the  planks  above 
and  below.  Figs.  19  to  21  show  modifications  of  this  system  of  construe 
tion ;  fig.  21  being  a  front  view. 

Where  an  external  iron -casing  is  adopted,  it  may  be  made  of  the 
improved  sections  shown  in  Figs.  22  and  23,  Plate  V.  Here,  instead  of 
a  perfiictly-flat  surface,  the  casing  is  formed  with  projecting  angles  and 
oblique  surfaces  disposed  horizontally,  and  is  practically  much  stronger 
than  the  same  amount  of  metal  arranged  in  the  ordinary  way.  The  sec- 
tion shown  in  Figs.  22  and  23  may  also  be  adopted  for  metal  shields  inside 
the  timber  bulwarks. 


Professor  Thomson  said  he  had  listened  with  great  pleasure  to  the  short 
paper  just  read ;  the  details  of  the  plan  had  been  shortly  and  clearly 
explained,  but  some  study  would  be  required  before  a  decided  opinion 
could  be  pronounced  as  to  them.  Without  doubt,  however,  a  general 
principle  of  improvement  had  been  brought  forward  in  the  paper — a 
principle  that  had  occurred  to  him  frequently  as  being  the  right  prin- 
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ciple,  although  he  had  never  miide  mendon  of  it,  unless  in  conversation  ; 
that  is,  putting  the  wood  outside  the  iron  in  battle-ships.     From  a  con- 
sideration of  dynamical  laws,  it  was  evident  that  in  the  direct  concnsidon 
upon  the  external  iron  side  of  a  ship,  the  entire  momentum  of  the  cannon- 
ball  must  be  imparted  to  the  block  of  iron,  enabling  it  to  destroy  the  wood 
within.      If  they  considered  the  prodigious  effect  upon  the  deck  of  a 
ship  by  the  recoil  of  a  cannon,  and  the  care  expended  in  managing  the 
breaching,  so  as  not  to  permit  it  to  come  into  contact  with  any  part  of 
the  hull,  they  would  form    an  idea   of  the  effect  of  a  concussion  on 
the  side  of  an  iron-sheathed  ship,  and  the  necessity  for  doing  something 
to  mitigate  it.     Now  the  momentum  communicated  depended  upon  the 
relative  masses  of  the  iron  plate  and  shot.     When,  for  instance,  a  64  lb.  or 
1  cwt  shot  was  used,  there  was  not  much  safety  given  by  iron  plates. 
He  did  not  know  the  dimensions  nor  the  weight  of  one  of  the  great  masses 
of  iron  made  to  sheath  war-ships;  but  however  heavy  it  might  be,  it  conld 
not  do  away  with  the  destructive  power  coming  against  it.^    If  the  wood 
were  placed  outside  the  iron,  however,  the  destructive  power  of  the  shot 
would  be  in  great  measure  destroyed ;  for  the  velocity  of  the  shot  in 
passing  through  a  foot  of  wood  would  be  considerably  reduced.    The  con- 
cussive  force  in  the  one  case  acted  through  an  inch  instead  of  through  a 
foot  as  in  the  other.    He  had  no  hesitation  in  saying  that  the  proper  place 
to  put  the  wood  was  on  the  outside  of  the  iron  in  ships,  whatever  the 
details  might  be,  which  he  left  for  further  consideration;  but  he  was 
strongly  of  opinion  that  if  ever  they  were  to  have  serviceable  iron  war- 
ships,  they  must   have  wood,  or  some  other  comparatively  soft  pro- 
tecting material  outside  the  iron. 

Mr.  Simons  said  that  the  iron-plates  for  ships  were  about  15  feet  long,  2 
or  8  feet  broad,  and  weighed  about  4  tons. 

Professor  Thomson  said  that  the  weight  of  a  gun  throwing  68  lbs.  shot 
was  95  cwt,  so  that  these  plates  were  nearly  equal  to  the  weight  of  a  gun. 
From  that,  it  followed  that  the  mechanical  value  of  the  momentum  of  the 
iron  plate  would  be  rather  more  than  equal  to  that  of  the  the  backward 
momentum  the  gun  acquired  in  delivering  the  shot;  and  they  knew  what 
effect  that  would  have  upon  the  timbers  of  a  ship.  But  if  the  shot  was 
gradually  brought  up  by  coming  into  contact  with  wood,  then  the  resist- 
ing power  of  the  iron  would  be  usefully  brought  into  play,  and  the 
tendency  to  crack  the  iron  would  be  greatly  diminished. 

The  Prbstdrnt  said  that  Mr.  Simons*  paper  was  somewhat  remarkable 
for  its  shortness  and  its  novelty.  It  struck  one  almost  at  once  as  standing 
to  reason  that  the  proposed  mode  of  constructing  war- vessels  would  better 
resist  the  force  of  shot  than  the  external  iron-plate  surface.  The  mode 
of  construction  explained  in  the  paper  was  conceived  upon  a  rather  dif- 
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ferent  principle  from  that  at  present  adopted ;  as  be  understood  it,  it  was 
intended  to  partly  absorb  the  momentiim  of  the  ball  in  the  external  wood. 
They  must  all  agree  with  Professor  Thomson  that  there  was  a  novelty 
about  this  paper  which  was  very  interesting  and  exceedingly  useful,  if 
worked  out.  They  would,  therefore,  all  join  in  giving  Mr.  Simons  a  vote 
of  thanks. 


The  following  paper  was  then  read  • — 
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On  Uie  Form  of  Ships.     By  Mr.  J.  G.  Lawrie. 

If  the  form  of  ships  is  imperfectly  nuderstood,  the  cause  is  not  due  to 
an  absence  of  opportunities  for  observation,  nor  to  a  want  of  desire  for 
the  improvement  of  these  opportunities.  Few  subjects  within  the  range 
of  an  engineer,  are  more  important  than  the  improvement  of  shipping,  few 
have  received  greater  consideration,  yet  none  are  less  indebted  to  the 
genius  of  a  single  individuaL  Different  sciences  and  different  arts 
owe  their  exactitude  and  progression  of  improvement  to  single  names 
that  stand  preeminently  forward ;  but  the  science  of  ships  and  the  improve- 
ment of  shipping  have  been  but  little  due  to  single  achievements,  either 
of  theoretical  investigation  or  of  practical  research. 

The  subject,  "  The  Form  of  Ships,**  embraces  the  formation  of  that 
part  of  a  ship  under  the  water,  and  also  of  that  part  above  the  water. 
The  formation  of  that  part  under  the  water  is  regulated  chiefly  by  scien- 
tific considerations,  iuvolving  facility  of  propulsion  and  cubical  capacity ; 
while  the  formation  of  the  part  above  the  water  is  chiefly  governed  bj 
convenience,  and  the  attainment  of  elegance.  The  scientific  considera- 
tions upon  which  depends  the  facility  of  propulsion  are  of  the  highest 
order,  and  are  still  beyond  the  grasp  of  analytic  expression.  Elegance 
in  the  formation  of  the  upper  part  of  a  ship,  depending  in  some  measure 
upon  taste,  is  inherently  incapable  of  exact  definition,  and  whether  any 
ship  possesses  the  utmost  attainable  elegance  has  been  and  will  continue 
to  be  a  question  upon  which  those  interested  in  the  subject  will  difler 
more  or  less  in  opinion.  There  are  ships  which  by  common  assent  are 
pronounced  to  be  inelegant  and  unshapely,  while  on  the  other  hand  there 
are  ships  which  all  agree  in  thinking  are  handsome,  and  about  which  the 
only  difference  of  opinion  is  as  to  the  order  or  rank  in  which  they  should 
be  ranged  in  respect  of  their  elegance. 

Clyde  ships  the  writer  believes  belong  to  the  class  admitted  to  be 
handsome.  With  few  exceptions  they  have  a  similarity  of  appearance, 
or  family  likeness,  constituting  the  Clyde  form ;  but  as  in  the  human  form 
fmall  differences  increase  or  mar  elegance,  so  in  ships  similar  differences, 
tomparatively  minute  and  insignificant,  in  combination  account  for  the 
difference  in  the  appearance  of  the  work  of  different  builders.  Those 
acquainted  with  the  practice  of  the  different  shipbuilders  on  the  Clyde 
could  without  much  difficulty  recognize  their  ships,  from  features  of  con- 
struction unobserved  by  those  less  acquainted  with  the  subject,  but  which 
in  reality  proclaim  the  builder  as  distinctly  as  his  name.  Of  those  so 
distinguishable,  the  ships  of  Mr.  John  Wood  of  Port-Glasgow  possess  in  the 
writer's  opinion  a  symmetry  and  grace  not  surpassed  nor  indeed  approachid 
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by  those  of  any  of  his  rivals.  To  Mr.  Wood  the  writer  would  assign  no 
only  the  highest  rank  as  a  builder  of  handsome  ships,  but  would  ascribe 
to  him  the  authorship  of  the  form  as  respects  beauty  which  is  imitated  by 
all  his  compeers  on  the  Clyde,  and  in  proportion  as  the  imitation  is 
perfect,  the  ships  possess  the  grace  and  elegtmce  so  much  admired.  Mr. 
Wood's  claims  to  superiority  are,  however,  confined  very  much  to  mat- 
ters of  beauty,  other  builders  having  contributed  more  to  the  attainment 
of  speed  and  efficiency.  Of  these  builders,  the  Denny s  of  Dumbarton, 
namely,  the  late  Mr.  William  Denny  and  Mr.  Alexander  Denny,  possess 
high  claims.  These  gentlemen  within  the  last  twenty  years  were  mainly 
instrumental  in  producing  the  Clyde  form  of  ships.  Having  been  educated 
in  early  life  by  the  brothers  John  and  Charles  Wood  in  the  refinement 
of  building  elegant  ships,  trained  by  Mr.  Scott  Russell  to  a  knowledge 
and  to  an  appreciation  of  the  fact,  that  the  formation  of  the  lines  of  a  ship 
materially  afiects  the  facility  of  propulsion,  and  witnesses  of  all  Mr. 
Russell's  more  perfected  experiments,  no  men  had  more  favourable  oppor- 
tunities of  acquiring  a  knowledge  of  the  improvement  of  shipping;  and  to 
their  credit  be  it  said  these  opportunities  did  not  pass  unimproved.  In 
1842,  under  their  guidance,  the  river  steamer  Lcu^  Brisbane  was  built, 
the  first*  of  the  improved  class  of  steamers  on  the  Clyde,  the  first  of  a 
train  that  have  not  been  equalled  in  this  coimtry,  and  that  have  not  been 
proved  to  be  equalled  in  any  other.  These  gentlemen,  the  Dennys  of 
Ehimbarton,  being  aided  by  the  opening  introduction  of  iron  in  ship- 
building, imparted  with  signal  success  the  same  features  of  construction 
to  sea-going  vessels  that  had  proved  to  be  of  so  much  advantage  in  river 
navigation,  and  by  combining  in  one  model  the  separate  excellencies  of 
Wood  and  Russell,  neither  of  whom  had  yet  acquired  the  ability  of  doing 
so,  tbey  produced  a  class  of  vessels  remarkable  alike  for  beauty  of  form, 
and  facility  of  propulsion. 

In  the  formation  of  the  improved  lines  which  Russell  pointed  out,  and 
the  Dennys  adopted,  no  precise  law  or  plan  was  followed,  and  for  the 
sufficient  reason  that  no  definite  law  or  plan  to  follow  was  known.  Even 
now  that  part  of  science— the  formation  of  the  part  of  a  vessel  under  water 
— is  no  farther  advanced,  and  although  there  are  shipbuilders  and  other 
persons  who  have  an  affectation  of  knowing  the  best  form  for  the  part  of 
a  ship  under  the  water,  their  pretensions  have  no  foundation  whatever. 
No  form  is  known  which  has  been  shown,  or  can  yet  be  shown,  to  be  the 
best.   The  extent  of  our  knowledge  is  limited  to  the  fact  that  certain  forms 

•  In  1840  the  Flambeau  was  built  by  the  late  Mr.  Robert  Duncan  of  Greenock  with  Air. 
Busseirs  aid,  and  was  the  fastest  vessel  on  the  river  at  the  time.  The  Flambeau,  however, 
being  buflt  of  timber  aflforded  only  a  limited  introduction  of  Russell's  views,  and  being 
short  of  steam,  the  form  of  ship  received  imperfect  justice. 
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are  inferior  to  other  forms,  that  Mr.  Wood's  spoon-bow  is  inferior  to  the 
sharp  or  hoUow-bow,  but  the  knowledge  is  possessed  by  no  one  which  is 
necessary  to  define  the  form  either  of  the  fore-end,  or  of  the  after-end  of 
a  ship,  which  shall  produce  the  best  and  most  economical  effect 

Scott  Russell,  in  hb  series  of  papers  and  investigations  of  this  subject 
propounded  that  by  forming  the  entrance  water  lines  hollow,  the  water 
impinging  was  thrown  aside  with  accelerated  motion,  and  therefore  with 
great  economy.  No  doubt  the  water  which  does  impinge  and  traTel  in  a 
hollow  line  is  thrown  aside  with  accelerated  motion,  and  is  therefore  thrown 
aside  more  easily  than  when  it  impinges  on  a  convex  line  as  at  b,  and 
when  it  is  therefore  put  in  motion,  with  greater  or  instantaneous  rapi- 
dity. But  that  advantage  applies  only  to  the  part  of  the  whole  water 
displaced  which  impinges  on  the  part  of  the  line  which  is  hollow  ;  and  to 
define,  therefore,  the  best  form  of  even  the  fore-end  of  a  ship  in  accord- 
ance with  the  views  of  Mr.  Kussell,  it  is  necessary  to  show  the  kind  of 
hollow  in  the  line  at  the  part  which  is  hollow,  the  form  of  the  part  of  the 
line  which  is  not  hollow,  and  also  the  direction  in  which  this  line  is  to  be 
drawn  on  the  ship,  as  there  are  reasons  to  believe  that  the  water  is  noi 
throvm  aside  in  horizontal  lines,  but  rather  that  it  is  thrown  aside  in 
other  directions  diagonal  to  a  horizontal  plane.  No  part  of  that  informa- 
tion has  Mr.  Russell  yet  satisfactorily  explained,  even  for  the  fore-end 
of  a  vessel,  so  far  as  the  writer  knows,  and  if  it  has  not  been  done  for 
the  foreend  of  a  ship,  still  less  has  it  been  done  with  respect  to  the 
after-end.* 

Mr  Russell  has,  however,  the  distinguished  merit  of  showingf  or 
enforcing  the  fact,  that  the  form  of  the  lines  is  very  material  to  fiidlity 
of  propulsion,  and  that  the  old  spoon  or  rounded  form,  resembling  a 
duck's  breast,  is  not  the  form  which  is  most  conducive  to  the  attainment 
of  facility  of  propulsion.  Mr.  Russell's  papers  on  the  kindred  subject — 
the  motion  of  water  in  waves,  and  on  the  laws  of  waves,  which  are  of  a 
masterly  character  in  one  of  the  most  difficult  departments  of  science, 

*  Kone  of  Mr.  Bussell^s  published  papers  read  before  the  British  Asaodation  with  whidi 
the  writer  Ss  acquainted,  contain  this  information,  nor  do  his  papers  in  the  ^tcychpaditt 
Bntanmca  contain  it  His  views  have  been  verbally  expressed,  and  aro  as  yet  known  only 
traditionally.  Whether  his  paper  communicated  to  the  Institution  of  Naval  Aix^itecte  in 
March,  1860,  will,  as  published,  contain  it,  remains  to  be  seen ;  it  was,  however,  commii- 
nicated  by  request  of  the  Institution  (so  Mr.  Russell  says),  for  the  expraee  puipoM  of 
convejnng  a  statement  explanatory  of  his  views  and  theory. 

f  Mr.  Rossell,  in  the  article  Steam  Navigation  in  the  Encydopoddia  BrUmmea,  adoMw- 
ledges  that  the  observations  made  by  Asheton  Smith  had  independently  led  Mr.  Smith  to 
a  conviction  of  the  advantage  of  hollow  lines.  There  is,  however,  no  doubt  that  Mr. 
Russell  by  his  continued  efforts  made  the  subject  his  own,  and  deserves  the  credit  of 
eniorcing  it. 
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furnish  the  name  to  his  system  of  shipbuilding,  but  they  have  not  been 
shown  to  fhmish  more  than  the  name. 

Other  writers  on  the  form  of  ships  have  dogmatized  on  their  methods 
of  construction,  without  possessing  the  ability  to  support  their  views  by 
one  substantial  reason.  In  hydrodynamic  science,  no  advance  whatever 
has  been  made  in  the  solution  of  the  problem  regarding  the  form  of  a  ship 
which  would  produce  the  maximum  effect. 

Although,  however,  the  science  of  the  formation  of  ships  has  not  been 
solved  synthetically,  it  is  capable  of  valuable  examination  in  the  results 
obtained.  Although,  the  means  have  not  been  devised  by  which  to  assign 
inductively,  the  dimension  and  form  of  ship  which  shall  perform  certain 
duties  with  the  best  effect,  means  do  exist  by  which  different  ships  can 
be  compared  in  the  work  they  perform.  By  these  means,  the  relative 
efficiency  of  the  ships  thus  compared  becomes  known,  and  the  shipbuilder 
is  instructed  which  to  follow  as  the  preferable  form.  The  means  by  which 
this  information  regarding  steamers  is  obtained,  consist  in  comparing  the 
work  performed  by  different  ships  with  the  power  of  the  engine  neces- 
sary to  perform  it,  and  in  the  inverse  proportion  of  the  power  necessary 
is  the  superiority  of  the  form  of  the  ship.  The  work  performed  by  ships 
is  measured  by  the  gross  weight  moved,  and  by  the  velocity  with  which 
it  is  moved,  neither  of  which  is  alone  sufficient  for  a  comparison  of  the 
efficiency  of  one  ship  with  another.  It  has,  however,  been  not  uncommon 
in  investigations  of  this  subject  to  use  modes  of  calculation  involving  only 
facility  of  propulsion,  and  to  direct  attention  rather  to  the  means  of 
reducing  the  work  to  be  performed  by  engines  in  propelling  ships,  or  to 
the  means  of  increasing  the  velocity  of  ships,  than  to  an  examination  of 
the  ultimate  effective  results  performed  by  the  ships.  Colonel  Beaufoy 
proceeds  in  this  way,  and  in  his  method  the  resistance  to  the  motion 
of  the  ship,  or  the  power  of  the  engine  exerted,  is  measured  by  an 
expression,*  involving  the  weight  of  water  put  in  motion  in  the 
advance  of  the  ship,  the  velocity  with  which  it  is  put  in  motion,  and 
the  friction  of  the  ship  in  passing  through  the  water.  M.  Marestier 
in  an  able  report  drawn  up  in  1824  by  order  of  the  minister  of  marine 
in  France,  on  steam  navigation,  uses  a  method  similar  to  that  of 
Colonel  Beaufoy,  or,  what  is  equivalent  to  it,  in  conjunction  with  the 
power  exerted  by  the  engine,  to  elicit  the  relation  efficiency  of  steam 

•  The  formuU  of  Colonel  Beaufoy  ia,  when  put  analytically,  R  =  /a  w  X  ~   ^  ^hich 
=r  constant  factor  depending  on  the  form  of  ship;  a  —  area  of  midehip  section;  w=  weight 

of  a  cubic  foot  of  water;  and  t.  =  height  corresponding  with  the  velocity  of  the  vessel 
^9 
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vessels.*  In  this  report  bj  Marestier  the  procedure  adoptetl  is,  in 
fact,  to  ascertain  in  a  direct  manner  the  form  of  vessel  which  lessens 
the  resistance  to  propulsion,  or  the  changes  of  form  which  would  produce 
that  effect ;  and,  in  an  indirect  manner,  by  comparison  with  the  displace- 
ment of  the  ship,  to  find  the  form  which  produces  the  best  result.  Other 
writers  have  adopted  the  same  plan  of  investigation,  but  it  is  apparent 
that  the  resistance  to  the  motion  or  advance  of  ships  may  be  reduced 
without  increasing  their  efficiency,  and  it  Ls  therefore  indispensable  in  a 
comparison  of  the  performance  of  ships  to  embrace  both  the  facility  of 
propulsion  and  the  gross  weight  moved.  To  obtain  a  comparison  of  ships 
by  one  calculation,  and  to  exhibit  the  efficiency  in  one  expression,  another 
formula  of  great  value  and  simplicity  has  been  devised.  This  more  com- 
plete expression  or  formula  is  based  on  the  displacement  of  the  ship,  the 
friction  of  the  rubbing  surface,  the  velocity,  and  the  power ;  or,  in  other 
words,  is  a  comparison  of  the  work  performed  in  overcoming  the  resistance 
to  the  motion  of  ships  with  the  power  used  to  perform  that  work  and  to 
overcome  that  resistance — the  comparison  being  expressed  in  terms  of 
the  work  performed  by  the  ships,  instead  of  being  expressed  in  terms  of 
the  lineal  dimensions  of  the  ship.  The  formula  is  obtained  as  follows : — 
In  ships  of  precisely  the  same  form,  so  that  one  is  twice  as  large  as 
another,  or  half  as  large,  or  in  some  other  proportion  larger  or  smaller, 
the  lengths,  breadths,  and  depths  of  these  ships  are  proportional  to  the 
cubic  roots  of  the  displacements,  that  is,  are  proportional  to  Di,  if  D 
represents  the  displacement.  But  every  dimension  of  these  ships  being 
in  this  proportion,  it  follows  that  the  area  of  the  midship  section  is  pro- 
portional to  D5 ;  and,  for  the  same  reasons,  it  follows  that  the  surface  of 
the  bottom  of  the  vessels  rubbing  against  the  water  is  also  proportional 
to  D*.  If  the  ships,  though  of  different  displacementa,  and  of  different 
magnitude,  be  of  piecisely  similar  form,  it  follows  that  the  two  sides  of 
ships  form,  at  every  corresponding  part,  the  same  angles;  and  hence^  in 
the  advance  of  the  ships,  the  water  at  the  bow  will  be  displaced,  and  at 
the  stern  replaced  similarly.     For  these  reasons  the  direct  resistance  f  to 

•  The  formula  of  Marestier  is  V  =  2-63  +  f^  ^  ^  ^^  ^  A^^  in  which  253  k  a 

constant  factor  depending  on  the  form  of  the  ship ;  n  ^  revolutions  of  engine ;  h  =  the 
height  of  mercury  which  the  steam  will  support ;  c  =  length  of  stroke  of  engine ;  p  = 
diameter  of  cylinder;  B  =  draft  of  water  multiplied  by  breadth  of  midship  aectinn 
Plainly  this  formula,  which  is  based  on  the  area  of  the  midship  section,  does  not  convey 
any  information  regarding  the  efficiency  of  the  ship,  unless  the  displacement  be  taken  into 
consideration  alpo. 

f  It  has  been  usual  to  assume  the  head  resistance  to  vary  as  the  area  of  midship  section, 
and  the  reasons  may  be  shown  as  follows : — The  space,  S,  or  width  of  the  ship,  dia((Dn«l 
or  horizontal,  through  which  the  water  has  to  be  moved  to  permit  the  ship  to  paas,  is  pro- 
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the  advance  of  the  ships,  if  the  forms  be  similar,  varies  as  D*,  and  the 
rubbing  surface  varying  as  D*,  the  friction  'which  is  found  to  be  in 
proportion  to  the  surface  rubbing  against  the  water,  also  varies  at  D^, 
irrespectively  of  the  draft  of  water  of  the  ship.  Hence,  the  gross  resist- 
ance to  the  advance  of  the  ships  consisting  of  the  two  parts,  direct 
resistance  proper,  and  friction  of  the  rubbing  surface,  each  of  which 
varies  in  proportion  to  the  square  of  the  velocity,  is  expressed  by 
V  Dt ;  and  consequently  the  quantity  of  power  which  must  be  exerted 
by  the  engines  to  propel  the  vessel,  D,  at  the  speed,  V,  is  represented 
by  A  X  V*  X  B*,  if  the  form  of  the  vessels  be  precisely  the  same. 

The  efficiency  of  the  ship  is  therefore  expressed  by  A  X  t  ^    H  P"> 

VxD* 

or  by*  Tj  p  >  "''^^ich  expresses  the  relative  amount  of  power  necessary 

to  propel  at  the  same  speed  each  form  of  ship  of  a  size  having  the  same 
displacement.  This  formula,  which  is  called  an  index  number,  is 
admirably  adapted  to  inform  the  shipowner  of  the  comparative  excellence 
of  different  steamers,  that  excellence  being  in  direct  proportion  to  the 


porfional  to  Dl,  and  the  time  in  which  the  water  has  to  be  moved  thrODgh  S  is  also 

proportioiial  to  Di;  hence,  if /represents  the  force  applied  to  the  water  to  move  it,  it 

S        1 
follows,  by  the  laws  of  accelerated  motion,  that  S  =yij .  ■ .  /=r  3  =  rrr.    But  the  time 

daring  which  this  force  is  exerted  being  proportional  to  Di,  the  quantity  of  work  performed 

to  overcome  the  head  resistance  =  area  of  midship  section  X  ^  X  I^^  =  ai*^  o^  midship 

section.  In  the  same  way  it  may  be  shown  that  the  stem  resistance  is  also  proportional 
to  the  midship  section.  The  draft  of  water  being  increased  in  proportion  to  Di,  the  head 
resistance  is  overcome  under  an  increased  pressure  proportional  to  Di,  but  that  is  neutra- 
lized by  a  similar  counteracting  pressure  at  the  stem,  arising  fVom  the  same  cause. 

*  To  make  the  investigation  of  this  formula  more  elementary,  let  9,  d^  />,  be  the  speed, 
displacement,  and  indicated  horse-power  of  a  steam  vessel;  Y,  D,  P,  the  speed,  displacement, 
and  indicated  horse-power  of  another  steam  vessel  of  precisely  simUar  form — it  follows, 
from  what  has  been  already  explained,  that  /> :  P  : :  di :  Dl,  if  the  speed  of  the  two  steamers 

is  the  same,  and  equal  to  v ;  therefore,  P  =^  ^     for  the  speed,  v,  and  »•:  V* ::  —  j= — 

p  X  Dl  XV* 

•    — M  ^  13 —  i  •'•  *^®  power  to  propel  the  vessel,  D,  at  the  speed,  V,  if  the  efficiency  of 
of  X  " 

the  two  vessels  is  the  same  =  ^  ^    ,  X  I^*  X  V.    If  the  efficiency  of  the  two  vessels  be 

different,  the  power  necessary  to  propel  the  vessel,  D,  at  the  speed,  Y,  will  be  greater  or 
less  than  that  amount  in  proportion  to  the  effidoncy;  .*.  efficiency  of  D  :  efficiency  of  </:: 

STTT^  X  Dl  X  V:  indicated  horse-power  actually  exerted;  /.  efficiency  of  D=  ^l.    i 

Dl  X  Y»  Dl  X  V 

X  r  ^  T.  »    X  efficiency  of  rf  =  \    ,„  ^  if  the  constants  be  each  put  equal  to  unity. 
Ind.  H.P.  "^  Ind.  H.P.  r       ^  . 
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mngQitude  of  the  index  number,  that  is,  to  the  magnitude  of  the  quantitr 

expressed  by  _.     If  the  engines  and  propelling  machinery  in  the 

ships  compared  are  of  different  efficiency,  it  is  necessary,  for  the  di&rent 
purposes  of  the  shipbuilder  and  engineer,  to  separate  the  efiects  of  the 
ships  and  engines ;  or,  if  it  be  desired  to  carry  the  inyestigation  still 
farther,  it  is  easy  by  this  formula,  or  by  modification  of  it,  to  elicit  the 
•comparative  efficiency  of  the  ship  itself,  of  the  boilers,  the  engines,  and 
the  propelling  machinery.  To  point  out  in  this  paper  the  modifications  of 
the  formula  necessary  fbr  the  purpose,  which  are  perfectly  obvious,  might 
have  an  appearance  of  complicating  it,  while,  in  reality,  it  is  of  the  most 
simple  and  beautiful  character.  It  elicits  the  relative  excellence  of  the 
ships  compared,  and,  although  it  gives  no  aid  towards  defining  the  form 
and  dimensions  of  a  ship  to  perform  assigned  duties,  it  instructs  the 
shipbuiler  which  type  of  ship,  of  those  already  submitted  to  tri^  and 
measurement,  should  be  adopted. 

This  information  is  of  the  highest  importance,  and  it  is  satisfactory  to  find 
the  accuracy  of  the  formula*  materially  confirmed  by  experiments  with 
the  ships— H.M.S.  Desperate^  H.M.S.  Minxy  H.M.S.  Retributiofiy  Onyx^  Ban- 
^heej  and  other  vessels,  in  which  experiments  the  speed  of  the  ship  was  found 
to  vary  sensibly  with  the  cube  roots  of  the  power  employed.  It  has  been 
at  various  times  alleged,  and  has  been  strongly  urged  by  Mr.  Scott  RusseU, 
that  the  form  of  vessels  should  be  designed  specially  with  relation  to  the 
speeds  at  which  they  are  to  be  worked,,  and  that  if  the  vessels  be  driven 
at  a  greater  or  less  speed  than  that  intended,  the  difficulty  of  propulsion 
is  vastly  increased.  If  this  in  reality  was  the  fact,  the  formula  would  be 
valueless,  but  in  none  of  the  experiments  with  the  vessels  already  named 
was  such  a  result  obtained,  or  any  appearance  of  it.  Such  an  effect  may, 
or  rather,  no  doubt,  does  occur  in  canal  navigation,  where  the  action  of 
the  water  is  confined  within  narrow  limits,  but  in  open  water  it  does  not 
appear  to  be  so— at  all  events  within  the  range  of  the  experiments  already 

*  Mr.  ThomaB  Hawkesley  of  London  proposes  by  the  fbrmala — 
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to  express  the  definite  relation  of  the  velocity  Y,  the  area  of  the  midship  Sfection  A,  the 
rubbing  surface  8,  and  the  indicated  horse-power  by  means  of  a  measurement  of  the 
angles  ^  '^,  of  the  bow  and  stem  lines.  Mr.  Hawkesley  does  not  explain  how  these  angles 
are  to  be  measured,  and  it  appears  impossible  to  measure  them,  because  these  angles  vsrj 
at  every  level  or  depth,  because  it  is  unknown  on  what  diagonal  ribband  line  they  Bheold 
be  measured,  and  also  because,  even  if  the  measurements  were  made,  it  is  unknown  In  what 
degice  the  angles  formed  by  surfaces  at  different  depths  affect  the  whole  result. 
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mentioned,  and  in  these  experiments  the  results  ^ere  those  due  to  veij 
difierent  speeds  and  very  different  forms. 

To  Mr.  Lk>jd,  chief  engineer  of  the  navj,  is  due  the  merit  of  first  fully 
appreciating  the  great  valne  of  this  fonnulai  or  index  number  for  the 
efficiency  of  ships,  and  through  his  instrumentality,  it  has  been  exten- 
si yely  employed  in  investigating  the  properties  of  the  ships  of  the  navy.  In 
1850  a  list  of  the  steamers  in  the  navy  >v^as  made,  with  the  index  number 
due  to  each  calculated  by  this  formula.  Another  similar  list  was  made 
in  1856,  and  a  third  list  is  in  course  of  preparation,  which  will  probably 
be  completed  in  about  twelve  months.  Mr.  Lloyd,  in  the  preparation  of 
these  lists  has  performed  a  most  valuable  service  to  the  navy— a  greatei' 
service  than  has  ever  been  performed  by  any  other  marine  engineer  in 
employment  of  the  Crown.*  These  index  numbers  disclose  differences  in 
the  efficiency  of  ships  little  anticipated,  and  in  these  disclosures,  furnish 
solid  groundwork  for  future  improvement  No  other  means  exist  by 
which  to  obtain  information  so  valuable  for  the  improvement  of  ships ; 
and  it  is  surely  remarkable  that  the  use  of  this  formula  is  being  but  slowly 
introduced  in  the  merchant  service.  To  the  ships  of  the  mercantile  navy 
it  has  been  rarely  applied  ;  but  it  is  nevertheless  the  fact,  that  concerning 
those  only  which  have  been  so  examined  is  definitely  accurate  informa- 
tion possessed  regarding  their  efficiency. 

The  list  of  ships  in  the  navy  proves,  that  vessels  like  the  yacht  Fain/, 
though  built  expressly  for  efficiency,  are  inferior  to  others  in  which  no 
such  refinement  was  attempted.  That  the  Arrogant,  a  frigate  designed  and 
built  by  one  of  the  most  honoured  naval  constructors  in  II. M.  service, 
is  scarcely  superior  to  the  block  ships  ;  and  not  being  intended  for  special 
service  like  the  Fairy^  the  inefficiency  caimot  be  explained  in  the  same 
way  as  in  that  vessel. 

Mr.  Lloyd  confined  his  published  use  of  the  fonnnla  to  ascertaining  the- 
index  number,  or  coefficient  of  the  different  ships  in  the  navy,  but  Mr. 
Atherton,  chief  engineer  of  H.M.  Dockyard,  Woolwich,  in  a  very  able 
treatise,  called  "  The  Capability  of  Steam  Ships"  has  elaborated  the  subject, 
to  develop  in  a  striking  manner  the  advantage  of  employing  the  best  form 
or  type  of  ship  in  mercantile  enterprise.  In  this  treatise,  it  is  shown 
clearly,  that  the  difference  in  the  cost  of  freight  by  vessels  which  to  appear- 
ance are  not  materially  different  may  be  and  is  as  much  as  50  per  cent. — 
a  difference  which  is  at  once  detected  by  the  application  of  this  formula. 
The  writer  is  acquainted  with  no  means  which  would  more  rapidly  improve 

*  In  saying  so,  it  is  right  to  mentioii  tli^t  Mr.  F.  V.  Smifh  was  not  in  the  service  of  the 
Crown  at  the  time  he  introdnced  the  screw-propeller.  Since  the  reading  of  this  paper,  the 
writer  has  ascertained  that  Mr.  Lloyd  is  also  the  author  as  well  as  the  introducer  of  tho 

formula    -____-- 
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the  efficiency  of  ships,  than  a  rigorous  application  of  this  formula,  nor  anj 
other  means  of  so  thoroughly  conrindng  shipowners  that  the  efficiency 
of  ships  is  of  greater  value  than  a  considerable  difference  in  price.  It 
would,  besides,  frequently  appear  that  with  the  beat  intentions  ships  are 
built  of  injudicious  proportions,  and  that  at  less  cost  ships  could  be 
produced  which  would  perform  the  same  work  with  less  power,  and  lesa 
current  outlay. 

For  example,  the  four  large  ships  that  are  being  built  for  the  Holyhead 
and  Dublin  station,  of  which  three  are  being  built  by  Laird  in  liTerpool, 
and  one  by  Saumda  in  London,  have  a  length  equal  to  ten  times  the  beam. 
These  ships  are  very  sharp  with  comparatively  small  displacement,  and  it 
would  be  interesting  to  ascertain  whether  they  really  prove  to  be  effident 
The  writer  is  not  acquainted  with  any  proof  that  proportions,  in  which  the 
length  is  equal  to  ten  beams,  and  the  displacement  small,  are  good. 

In  the  list  of  navy  ships  the  most  efficient  are  not  the  longest,  and  a 
vessel  called  the  Wave^  built  some  years  ago  on  the  Thames,  with  a  length 
equal  to  14  beams,  proved  to  be  far  short  of  a  success. 

In  the  absence  of  accurately-ascertained  information  to  guide  the  ship- 
builder, the  desire  for  great  length  in  vessels  of  high  speed  is  eaaly 
explained.  Every  vessel,  with  a  determinate  power  and  at  a  given  draft 
of  water,  will  go  faster,  if  the  lines  are  sharpened,  while  retaining  the 
length,  breadth,  and  depth  unaltered  ;  and  there  is  no  limit  to  this  effect 
until  the  lines  be  sharpened  so  much  as  to  destroy  the  stability  of  the  ship. 
But  it  is  forgotten  that,  in  thus  sharpening  the  lines  to  increase  the  speed, 
the  ship  is  actually  made  smaller ;  and  it  is  omitted  to  be  observed,  that 
when  the  sharpening  is  carried  to  a  certain  extent,  the  operation  cannot 
be  continued,  with  the  advantage  that  would  be  obtained  by  diminishing 
the  length,  breadth,  and  depth,  which  in  reality  would  retain  the  vessel 
of  the  same  size  as  with  more  sharpened  lines,  and  a  more  extended  sur- 
face. This  explanation,  suggested  by  the  formula  itself,  sufficiently  removes 
the  apparent  paradox,  that  while  sharpening  a  vessel  more  and  more 
increases  her  speed,  yet  a  vessel  can  be  made  too  sharp  for  the  attain- 
ment of  the  highest  possible  speed. 

On  analogous  principles  the  efficiency  of  sailing  ships  could  be  similarly 
compared  ;  but,  as  their  days  are  numbered,  such  an  investigation  would 
possess  little  interest. 

In  conclusion,  the  writer  repeats  that  in  his  opinion  nothing  would 
so  speedily  conduce  to  a  considerable  improvement  in  the  form  of  ships, 
to  the  instruction  of  shipbuilders,  and  to  the  advancement  of  the  science 
of  steam-shipping,  than  a  constant  and  rigorous  use   of  the  valuable 

formula  . 
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HoTE. — ^The  impression  is  common  among  both  shipowners  and  ship- 
builders, and  is  largely  acted  on,  that  a  full  form  of  ship,  so  as  to  carry  a 
large  cargo,  is  necessarily  what  is  called  a  good  poor  man*s  ship ;  but  this 
Ibrmnla  very  distinctly  ilpsets  the  idea  that  there  is  a  difference  in  the 
ibrm  which  is  best  for  a  rich  man  and  a  poor  one.  For  both  that  form 
is  the  best  which  is  most  adapted  for  performing  work  with  the  greatest 
economy,  and  the  form  which  is  the  best  to  effect  that  purpose  at  one 
speed,  is  also  the  best  for  every  other  speed  In  addition  to  the  best  form 
of  ship,  there  remains  the  important  question  of  the  best  and  most  econo> 
mical  power  and  speed.  If  the  power  be  too  small,  the  speed  will  be  so 
alow  that  the  current  outlay  will  swallow  up  the  return  derived  from  the 
small  quantity  of  work  performed ;  while,  on  the  other  hand,  if  the  power 
be  too  great,  the  return,  though  qtdcker,  yrill  not  be  sufficient  to  meet 
the  increased  current  expense.  There  is,  therefore,  plainly  for  every 
different  trade  in  which  a  ship  can  be  employed,  a  certain  speed  and  certain 
amount  of  power,  which  will  yield  the  largest  profits.  The  amount  of 
I>ower,  which  affords  this  maximum  effect,  depends  upon  the  following 
elements: — 

D  =  Total  displacement  of  ship. 

0?  X  B  =  Part  of  displacement  available  for  cargo,  engines,  coal,  &c. 
i?  =  H.P.  Ind. 

V  :=  Speed  in  knots  per  hour  with  power,  p. 
W  =  Weight  of  machinery  per  H.P.  Ind. 
w  =     Do.     of  coal  and  stores  consumed  per  H.P.  lud.  per  hour. 

c  =  Current  expense  of  ship  per  hour. 

^c  =  Do.  of  engines  per  H.P.  per  hour  in  harbour. 

*c  ==  Do.  do.  do.  in  voyage. 

Time  in  harbour  =£  a,  hours. 

Do.      voyage    =  b,  hours  with  power,  p. 
Total  passage  money  =  m 

Cost  of  earning  passage  money  per  hour  =  'c  X  m^ 
X  =  Any  other  H.P.  Ind. 
'v  =  Speed  due  to  the  power,  x. 
Freight  per  ton  =f. 
Profit  per  voyage  =  Earnings  —  cost. 

Earnings  —  cost. 


Profit  in  a  given  time  = 


Time  of  voyage  +  time  in  harbour. 


Proceeding  in  the  usual  way  to  find  the  value  of  x,  which  shall  make 
'*  Profit  in  a  given  time*^  a  maximum,  an  equation  is  obtained  of  the 
form,  X  U  '\'  ax  -}-  bjfi  —  c  =.  c? ;   and  one  root  of  this  equaticm  is  the 
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amouat  of  power  which  produces  the  highest  result  or  profit  in  the  cireuto- 
stances  enumerated. 


The  PRBSiDKirr  regretted  that  Mr.  Lawpe  was  net  present  to  answer 
any  questions  that  might  be  asked. 

Mr.  Simons  said  he  was  not  farourable  to  the  wave-line  system  as  a 
whole,  although  he  approred  of  parts  of  it.  He  considerej^  it  a  fallacT, 
and  disagreed  with  Scott  Russell  upon  it.  The  first  ship  built  at  Greenock 
10  or  12  years  ago  upon  the  plan—the  Flambeau — ^was  a  total  &lure« 
Then  there  was  the  yacht  Britwmia  built  upon  the  same  principle ;  and, 
after  much  being  said  in  her  favour,  she  was  beaten  by  an  American-built 
yacht  Various  others  had  been  built,  but  he  never  bad  heard  of  their 
success.  A  gentleman  had  been  sent  for  by  the  British  admiralty,  with 
the  view  of  consulting  him  as  to  building  a  vessel  on  the  same  principle; 
but  he  published  an  elaborate  document,  proviiig  it»  disadvantages.  He 
believed,  however,  that  there  were  some  good  things  in  the  wave  system 
which  could  and  had  been  applied  in  ship-building. 

Mr.  Ikglis  said  that  Mr.  Scott  Russell  had  built  two  vessels,  the  Victoria 
and  the  Adelaide^  which  were  the  greatest  failures. 

The  President  said  this  was  a  very  important  subject;  and  it  would  be 
well  if  they  could  come  to  some  practical  result  upon  it.  There  were  a 
good  many  shipbuilders  members  of  the  Institution  ;  but  he  regretted  that 
they  did  not  bring  forward  the  data  that  might  be  expected  from  them. 
He  believed  there  was  a  good  deal  of  truth  in  the  assertion  that  ship- 
builders in  building  for  speed  exercised  a  good  deal  of  guess  work.  He 
feared  that  a  carpenter  made  the  form  of  his  ship  pretty  much  as  if  he 
took  a  wedge  of  brown  soap,  pared  it,  and  then  held  it  up,  and  looked  at 
it  again  and  again,  until  he  was  pleased  with  the  symmetry  of  its  form. 
He  believed  they  had  no  very  correct  rules  to  go  by,  except  perhaps  it 
was  the  making  of  one  ship  like  some  ether  which  had  proved  successful ; 
but  the  curiosity  was,  that  they  found  two  ships,  made  as  they  believed 
exactly  alike,  giving  different  results.  This  "index  number"  might  be  a 
very  good  thing  for  comparing  one  ship  with  another;  but  it  gave  us  no 
assistance  in  modelling  a  ship  beforehand.  We  were  still  very  fax  from 
having  any  definite  rule  for  forming  a  ship,  or  for  giving  the  results 
demanded.  As  to  the  wave-line,  he  must  say  he  was  not  prepared  to 
condemn  Mr.  Russell's  system  so  much  as  Mr.  Simons  had  done.  It  might 
not  be  suitable  for  ocean  steamers,  but  for  river  vessels  he  thought  it  bad 
done  very  well.  He  was  not  sure,  but  he  thought  that  the  Flambeau  was 
the  quickest  vessel  on  the  river  at  the  time. 
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Mr.  SiHONB  did  not  think  she  ever  exceeded  seven  miles  an  hour.  He 
did  not  condemn  the  waye-line  in  all  particulars,  but  he  condemned  it  as 
a  whole.  He  had  built  a  yacht  partly  on  the  principle,  which  had  never 
been  beaten.  Her  bow  was  formed  on  Mr.  Russell's  calculations  of  the 
bow ;  but  the  other  parts  were  not  on  the  same  principle. 

A  vote  of  thanks  was  then  passed  to  Mr.  Lawrie  for  his  paper. 


Professor  William  Thomson  then  exhibited  an  ^^  Improved  Portable 
Atmospheric  Electrometer^^*  which  he  had  recently  contrived.  He  explained 
Its  construction  and  performed  experiments  with  it  in  Olustration.  The 
instrument  proved  itself  to  be  an  extremely  sensitive  indicator  of  the 
electrical  condition  of  the  surrounding  atmosphere. 

The  President  said  he  had  no  doubt  that  they  were  all  much  gratified 
by  Professor  Thomson  bringing  this  instrument  before  them.  It  was  a 
wonderfully-delicate  instrument,  to  measure  a  delicate  medium  which  they 
did  not  know  much  about.  The  instruments  formerly  in  use  coidd  not 
tell  the  quantity  or  the  quality  of  the  electricity  in  the  atmosphere ;  but 
Professor  Thomson^s  indicated  both. 

A  unanimous  vote  of  thanks  was  then  passed  to  Professor  Thomson. 


The  President,  in  resuming  the  discussion  of 

Mr,  MorrisoTCs  mode  of  supplying  Heated  Air  to  Locomotive  Furnaces, 

explained  a  model  showing  the  arrangement,  and  remarked  that  the 
mechanical  details  of  the  plan  were  very  simple,  and  seemed  to  do  very 
well.  He  then  explained,  that  at  last  meeting  Mr.  Morrison  had  given 
the  results  of  experiments  with  hot  air,  showing  great  economy  in  fuel ; 
but  inasmuch  as  these  experiments  had  only  been  compared  with  experi- 
ments with  no  air  at  all,  the  Institution  had  requested  Mr.  Morrison  to 
make  a  few  fiirther  experiments  to  supply  this  defect.  He  had  kindly 
promised  to  do  so,  and  the  result  was  in  the  hands  of  the  secretary. 

The  Secretary  read  Mr.  Morrison's  report,  which  was  to  the  effect 
that  the  Locomotive  had  been  worked  six  days  with  cold  air  admission,  and 
six  days  with  hot  air,  and  that  there  was  a  saving  of  624  lbs.  of  coal  in 
favour  of  the  hot  air  in  the  consumption  for  the  week,  the  total  miles  run 
and  coal  consumed  being  as  follows : — 

With  cold  air,  418  miles,  8216  lbs.  coal;  or— 19  6  lb.  per  mile. 
With  hot  air,  428  miles,  7592  lbs.  coal;  or— 17'7  lb.  per  mile. 
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The  President  said  he  had  been  told  by  the  stoker,  who  had  assisted 
in  the  experiments,  that  the  fire  was  much  more  vivid  with  the  hot  air 
than  the  cold,  and  that  the  place  where  the  cold  air  was  admitted  was 
characterized  by  blackness. 

A  vote  of  thanks  was  passed  to  Mr.  Morrison. 
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The  Seyenth  and  Last  Mebtino  of  the  Sessioii  was  held  in  the  Philo- 
sophical Society's  Hall,  on  Wednesday,  llth  April,  1860,  William 
JoHNSTOifE,  Esq.,  Vice-President,  in  the  chair. 

This  was  the  Annual  General  Meeting  for  the  election  of  office-bearers 
for  the  Fourth  Session,  1860-61. 


The  following  paper  was  read : — 

On  an  Improved  Smoke-consuming  Furnace,     By  Mr.  J.  Mopfat. 

The  theory  of  combustion  is  now  well  understood.  There  must  be  a 
given  temperature,  and  a  given  supply  of  air.  The  temperature  necessary 
for  consuming  common  cannel  is  from  800"*  to  lOOO"*  Fahrenheit.  But 
it  sometimes  rises  much  higher;  as,  for  instance,  from  lOOO*"  to  1400" 
— as  ascertained  by  Mr.  Fairbaim  of  Manchester;  whilst  the  bars  of 
ixirnaces  are  occasionally  melted,  which  shows  that  the  temperature  then 
rises  to  ^700"*,  the  temperature  at  which  iron  melts.  The  temperature 
necessary  for  the  combustion  of  the  gases  from  coal  is  somewhere  about 
1000^  The  supply  of  air  necessary  to  the  full  combustion  of  common 
coal  amounts  to  150  cubic  feet  for  1  lb.  of  coal,  and  of  that  quantity  105 
cubic  feet  are  required  for  the  consumption  of  the  carbon,  and  45  cubic 
feet  ibr  the  consumption  of  the  gases.  The  writer  believes  that,  weight 
for  weight,  the  hydrogen,  or  light  carburetted  hydrogen,  is  more  pro- 
ductive of  heat  than  the  carbon ;  indeed,  it  has  been  estimated  that  it 
is  four  times  as  effective,  and  therefore  it  is  highly  desirable  to  bum  all 
the  gases.  With  this  end  in  view  all  furnaces  ought  to  be  constructed, 
as  is  the  case  with  those  of  Prideaux  and  Williams.  The  one  permits 
the  air  to  go  in  by  slits  in  the  door,  and  the  other  allows  it  to  enter 
beyond  the  bridge ;  both  with  the  view  of  mixing  the  air  with  the  gases 
evolved  on  the  dissolution  of  the  coal.  The  writer*s  attention  has  been 
turned  to  this  subject  in  consequence  of  the  steamer  Adela  being  found 
to  produce  a  large  quantity  of  smoke,  although  her  furnace  doors  are 
pierced  with  holes.  In  trying  to  cure  this,  the  furnace  doors  were 
kept  open  a  little,  but  still  she  made  a  fog  of  smoke  through  which  the 
captain  could  not  see  his  way.  It  is  well  known  that  the  combustion  of 
coal  in  locomotives  is  assisted  by  having  slits  in  the  furnace  doors,  with 
internal  deflectors  over  them  to  throw  the  air  down  upon  the  gases  as  they 
rush  up  through  the  fuel     It  occurred  to  the  writer  that  a  contrivance 
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of  that  kind  would  be  useful  in  the  Adela ;  and  accordingly  he  planned 
the  apparatus,  which  is  shown  in  longitudinal  and  transrerse  Yerlical 
section  in  figs.  3  and  4,  Plate  IX.  The  apparatus  consists  of  a  caidng,  a, 
inserted  along  the  centre  of  the  furnace  in  a  direction  from  front  to  bade. 
This  casing,  which  is  of  cast-iron  or  of  fire-clay,  is  divided  by  transverse 
vertical  partitions,  so  as  to  form  a  series  of  passages  through  which  the 
air  rises  from  the  ash-pit,  and  the  air  passages  are  surmounted  by  a  curved 
cover,  B,  which  causes  the  air  to  be  deflected  downwards  on  the  fuel  on 
either  side.  Of  course,  the  only  matters  of  interest  in  connection  with 
this  plan  are  the  results  obtained.  The  prevention  of  the  smoke  has  been 
complete.  The  flues  are  now  kept  quite  clean ;  whilst,  as  regards  the 
consumption  of  coal,  it  may  be  stated  that  in  the  first  trials  made,  the 
aft  boilers  were  fitted  with  the  apparatus,  and  the  fore  ones  were  lefl  as 
before.  There  was  a  great  saving  in  fuel  with  the  aft  furnaces,  but  it 
is  probable  that  at  first  the  men  were  more  careful  in  firing  these.  At 
first  there  was  a  saving  of  a  waggon  out  of  six,  but  since  then  the  boilen 
had  been  all  fitted  with  the  apparatus,  and  had  now  been  going  for  about 
three  months.  The  coal  actually  burnt  in  the  first  three  months  of  the 
year  was  as  follows: — Janiiary,  405  tons,  12  cwt. ;  February,  360  tons; 
and  March,  384  tons.  In  February  there  was  one  trip  fewer  than  in  the 
other  two  months.  This  showed  a  saving  of  five  per  cent,  of  coaL  The 
writer  is  not  able  to  state  the  cost  of  the  apparatus,  and  the  resultant 
saving  will  only  be  ascertained  by  further  trials  now  going  on. 


The  Chairman  trusted  that  Mr.  Moflat  would  give  the  Institution  the 
benefit  of  his  further  experiments  on  an  early  day  of  next  Session. 

Mr.  Lawri£  said  that  the  saving  in  fuel  was  just  what  might  have  been 
expected,  seeing  that  it  had  occurred  in  other  experiments  of  the  same 
nature.  The  chief  benefit  from  the  apparatus  would  be  the  8to}^>age  of  a 
large  emission  of  smoke,  so  destructive  of  everything  in  a  passenger  ship. 

Mr.  Moffat  said  he  might  add  that  the  Adela  was  fitted  with  super- 
heating apparatus,  and  they  had  found — what  had  been  discovered  by  many 
who  had  tried  superheated  steam,  that  the  great  heat  dried  up  the  lubri- 
cating matter  in  the  cylinder,  and  consequently  they  had  to  mix  the 
superheated  steam  with  common  steam  from  the  boiler.  The  superheated 
st-eam  was  of  about  350°,  whilst  the  heat  corresponding  to  the  pressure  was 
only  250**.  They  had  expected,  along  with  the  advocates  of  superheated 
steam,  a  very  large  saving  of  coal;  but  in  this  they  were  quite  disappointed, 
as  not  the  slightest  change  had  taken  place  in  the  quantity  of  coal  used. 

In  answer  to  Mr.  N.  Robson,  Mr.  Moffat  said  that  the  apparatus  had 
betn  in  use  since  the  last  week  in  January. 
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Kfr.  D.  More  said  that  this  subject  was  at  the  present  time  occupying 
a  large  amount  of  public  attention,  and  the  procurator-fiscal  of  Glasgow 
^was  prosecuting  many,  either  in  a  summary  way  before  the  sheriff,  or  by 
taking  them  into  the  Dean  of  Guild  Court,  whence,  it  was  well  known, 
that  it  was  difficult  to  get  out  at  a  less  cost  than  £40  or  £50.  Therefore, 
information  of  the  kind  given  by  Mr.  Moffat  was  of  very  great  use.  There 
-was  no  doubt  that  a  great  deal  of  the  smoke  in  the  city  of  Glasgow  arose 
from  boilers  being  too  small,  from  careless  building,  and  from  careless 
firing.  If  these  eyils  were  removed,  he  had  no  doubt  that  the  smoke 
could  be  greatly  reduced — a  thing  of  the  greatest  importance  to  the  town. 
He  might  mention,  in  connection  with  this  subject,  that  they  had  erected 
in  their  works  a  Cornish  boiler,  21  feet  long,  6  feet  €  inches  in  diameter, 
with  two  flues  80  inches  in  diameter,  the  furnace  being  inside.  That 
boiler  was  of  20  horses  power,  and  there  was  no  smoke  with  it.  It  was 
only  fired  three  times  a  day.  The  iuel  that  damped  down  the  fire  on  the 
Saturday  kept  it  going  imtil  half-past  eight  on  Monday  morning,  when 
it  was  damped  down  for  breakfast-time,  and  then  went  on  until  half-past 
one,  when  it  was  again  fired  and  damped  for  dinner.  It  was  fired  for  the 
third  time  at  half-past  five  o^clock,  when  it  was  damped  down  for  the 
night.  This  was  at  least  a  great  saving  to  the  arms  of  the  firemen.  He 
was  therefore  greatly  in  favour  of  the  Cornish  class  of  boiler. 

The  Chairman  said  that  on  the  London  and  South- Western  railway 
the  plan  explained  by  Mr.  Moffat  had  been  adopted  in  part  in.  nearly  all 
their  locomotives,  and  now  there  was  scarcely  one  of  their  engines  in 
which  they  did  not  bum  coal,  and  that  without  any  smoke,  simply  by 
directing  down  the  air  to  meet  the  current  of  gases  as  they  were  evolved 
by  combustion  from  the  fuel.  By  this  means  they  effected  a  saving  of 
about  ds.  6d.  a  ton ;  for  it  was  found  that  a  ton  of  good  blind  coal  at  5s. 
went  as  far  as  a  ton  of  coke  at  Ids.  6d. 

Mr.  HuKl  said  that  the  plan  explained  by  Mr.  Moffat  for  consuming 
smoke  would  be  of  great  use  in  the  river  steamers.  If  it  were  possible  to 
get  rid  of  the  smoke  in  the  river  steamers,  it  would  be  one  of  the  greatest 
boons  that  could  be  conferred  upon  the  citizens  of  Glasgow. 

Mr.  Moffat  said,  in  answer  to  Mr.  N.  Robson,  that  the  apparatus 
described  could  be  applied  to  all  kinds  of  furnaces ;  and,  in  answer  to 
Mr.  Downie,  he  said  that  the  top  part  of  the  casting  gave  way  first.  He 
had  tried  fire-bricks  in  an  iron  frame,  but,  as  the  apparatus  had  not  been 
well  made,  they  had  not  answered.  He  had  no  doubt  good  fire-brick 
would  serve  admirably. 

The  Chaibuan  said  that  fire-bricks  were  regulwrly  used  in  Seattle's 
patent  locomotive  engines  of  the  London  and  South  Western  railway. 
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Mr.  DowNiE  suggested  that  the  top  might  be  of  fire-brick,  but  Mr. 
Moffitt  thought  the  best  waj  would  be  to  make  them  entirely  fire-brick. 

The  thanks  of  the  Institution  were  then  passed  to  Mr.  Moffiit  for  bringing^ 
the  subject  before  them. 


Mr.  David  More  then  made  some  remarks  on  the  subject  of 

The  Ventilation  of  Public  and  other  BuHdrngs^ 

in  the  course  of  which  he  explained  a  working  model  of  a  system  of  ren- 
tilation  devised  by  Mr.  G.  W.  Muir. 

A  discussion  ensued,  and  a  vote  of  thanks  was  passed  to  Mr.  More. 


List  of  Works  presented  to  the  Institution  during  the  Session  1859^60:— 

"  The  Steam  Engine  and  other  Prime  Moyen."  From  the  Author,  Prot  W.  J.  Maotjooim 
Rankine,  C.E.,  LL.D.,  &c.,  &c. 

**  The  Present  State  of  the  Longitude  Qaestion."  From  the  Author,  C.  Piazzi  Smyth, 
Aatronomer-Rojal  for  Scotland. 

'*  The  Autobiography  of  a  Seaman,"  Vol.  I.     From  the  Author,  the  Eail  of  Dondonald. 

'*0n  the  Resistance  of  Glass  Globes  and  Cylinders  to  Collapse:*'  by  Wnk  Fairbaini, 
C.E.,  F.R.S.,  and  Thomas  Tate.     From  Wm.  Fairbaim,  Esq. 

"  Address  of  G.  P.  Bidder,  Esq.,  President  of  the  Institution  of  Civil  Engineers.^  From 
the  Author. 

**  Proceedings  of  the  Institution  of  Mechanical  Engineers**  for  November  8,  1858 ;  Janu- 
ary 26,  May  4,  July  27,  and  September  6  and  7,  1869.     From  the  Inst  M.  £. 

**  Transactions  of  the  Royal  Scottish  Society  of  Arts,**  VoL  V.,  Part  S.  From  the 
B.S.S.A. 

**  Transactions  of  the  Institution  of  Civil  Eng^eers  of  Ireland,**  VoIb.  I.  to  V.  From  the 
Inst  C.E.I. 

'*  MitcheU*s  Steam-Shipping  Journal,**  Koe.  1  to  84.    From  the  Editor. 

The  thanks  of  the  Institution  were  voted  for  these  donations. 
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The  Tbeasxtbes  presented  his  accotmts  and  statements  in  accordance 
with  Kule  15 ;  and  Messrs.  Wilkie  and  Simons  were  appointed  Auditors 
in  accordance  with  Bule  17,  to  examine  the  same. 

Abstract  of  Tebasubeb's  Acoouins — Session  1859-60. 


Dr. 
April  13,  1859. 
To  Balance  from  Session  1858-59. 
Cash    in    Union 

Bank, £346    0     0 

Cash  in  Treasur- 
er's hands, 5  19     0 

351  19     0 

April  11,  1860. 
To  Sobscriptions — 
94    Members,    at 

£2  2s., 197     8     0 

14  New  Members, 

at  £8  88., 44    2    0 

lAssodate, 1  11     6 

2  New  Associates 

at£2 12s.  6cl.,       6    5     0 
7  Gradoatea,  at 

£1  Is., 7     7     0 

255  18    6 

To  Cash  for  copies  of  the  Trans- 
actions, 8  VoL  L,  5  VoL  II.,...       4     10 
To  Interest  from  Union  Bank,. ••     16  12    0 

£628     5     6 


April  11,  1860. 

By  Secretaxy's  Salary  1  quarter, 

Session  1858-59 ;  and  3  qnar- 

ters.  Session  1859-60, £100    0 

By  fees  to  OfBloer  and  Janitor,...       7    0 
By    Rent    of    Hall,     Session 
1858-59 ;  and  Gas  for  Session 

1857-58 16     0 

By  cost  of  300  copies  of  the 
Transactions,  Vol.  II.,  includ- 
ing Circulars,  Stationexy,  &c.,     95  13 

By  Postage,  Porterage,  &C., 6     9 

By  Reporter,  balance  for  Session 

1858-59, 8     3 

Balance — 

Cash  in  Union 
Bank,  as  per  pass- 
book,  393  12     0 

Cash   in   Treasor- 

er's  hands, 6    8    8 

400    0 


0-. 


£628    5     6 


After  their  examination,  the  Auditors  presented  the  following  Beport : — 

GukSGOW,  llih  AprUy  1860. — We  haye  examined  the  foregoing  statement,  and  com- 
pared it  with  vouchers,  bank  book,  &c.,  and  find  it  correct,  there  being  in  the  bank  Three 
hundred  and  ninety-three  pounds  twelve  shillings,  and  in  the  Treasurer's  hands  Six  pounds 
eight  shillings  and  threepence,  in  all.  Four  hundred  pounds  and  threepence  to  be  carried  to 
the  credit  of  the  Institution. 

(Signed)  John  Wilkik,  )  ^^^^^^^ 

Wm.  SlMOlVS,     ) 


The  thanks  of  the  meeting  were  Yoted  to  the  Auditors. 


94  Offic^-Becarers  Jbr  1860-61. 

The  following  gentlemen  were  duly  elected  Office-Bearen  for  the  Fourth 
Session  (1860-61),  of  the  Institution,  in  accordance  with  RegulatioiiB  24, 
85,  36,  87,  and  38,  which  were  read: — 

President. 
Walter  M.  Nsilson,  Esq. 

Vice-Presidents. 
WnxiAK  Johnstone,  Esq. 
Neil  Robson,  Esq. 
James  R.  Napieb,  Esq. 

CcunciUon. 
WnxiAic  Tait,  Esq. 
Abchibald  Gilchrist,  Esq. 
Hugh  Bartholomew,  Esq. 
William  Simons,  Esq. 
James  Brownlee,  Esq. 
David  M^Call,  Esq. 
James  Milne,  Esq. 
John  Wilkie,  Esq. 
Robert  Faulds,  Esq. 
W.  J.  Maoquobk  Rankine,  Esq.,  LL.D. 

Treasurer, 
David  More,  Esq. 

Secretary. 
Edmund  Hunt,  Esq. 
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A  CoNYEBSAZiONE  was  held  by  the  InsUtution,  in  the  Corporadon 
Galleries,  Sanchiehall  Street,  Glasgow,  on  Tuesdaj,  17th  April,  at  8  p.h. 

A  large  and  yaluable  collection  of  machines,  models,  and  drawings 
was  exhibited. 

In  the  absence  of  the  President,  on  account  of  serious  indisposition, 
a  few  introductory  remarks  respecting  the  origin  and  progress  of  the 
Institution  were  made  by  Neil  Robson,  Esq.,  Vice-President,  after  which 
G.  PiAZZi  SuTTH,  Esq.,  Astronomer-Royal  for  Scotland,  addressed  the 
meeting,  on  the  subject  of 

Distance  Measuring  in  Bussia; 

and  was  followed  by  W.  J.  Magquobn  R^mkins,  Esq.,  LL.D.,  who  spoke 
on  the  subject  of 

Instruction  m  Musketry, 


The  substance  of  the  remarks  on  *<  Distance  Measuring  **  is  embodied 
in  the  following  paper  :^- 
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On  Distance  Measuring  in  RussiOy  for  the  Purposes  of  War  as  well  as  Peace* 
Bj  Professor  C.  Piazzi  Smtth,  ABtronomer-Royal  for  Scotland. 

Haying  been  intrusted  this  evening  with  the  daty,  equally  gratifying 
and  honourable,  of  attempting  to  address  to  you  a  few  words  on  "Distance 
Measuring  in  Russia'* — I  would  beg  to  commence  by  explaining,  that  what 
little  I  hare  to  lay  before  you  under  this  title,  consists  merely  of  a  few 
light — ^but  perhaps  more  or  less  characteristic  particulars  accidentally 
picked  up  during  a  visit  to  St  Petersburg,  in  the  course  of  last  summer. 

The  general  subject  of  distance  measuring  may  be  considered  to  be 
peculiarly  connected  with  Russia ;  inasmuch  as  the  enormous  extent  and 
remarkable  flatness  of  that  great  empire,  do,  in  a  manner,  render  the 
measurement  and  marking,  and  recognizing  and  accomplishing  of  hoii* 
zontal  distances,  one  of  the  leading  occupations  in  Russian  life. 

Approach  that  land  from  wherever  you  will;  or,  as  my  wife  and  I 
did  last  July,  from  the  Gulf  of  Finland  side,  and  how  extensively  and 
oppressively  this  idea  of  horizontal  distance  is  brought  out  before  you. 
Your  first  glimpse  of  the  cotmtry  consists  of  long  thin  coast  lines — alines 
that  seem  interminably  long  and  level,  though  minutely  serrated  with 
fir-tree  tops.  After  days  and  days  of-  sailing  along  them,  you  have  still 
these  long  and  level  unbroken  lines  on  either  side.  For  relief  you  turn 
to  the  sky  above;  but  there^  the  horizontal  extent  of  the  country  is  too 
often  reflected  back  again  to  your  eye,  in  the  equally  long  and  never* 
ending  perspective  of  uniformly-sized  clouds,  equally  scattered  through 
the  unbroken  vapour  plane,  that  lies  parallel  for  a  thousand  miles  with 
the  similarly  unbroken  Russian  land. 

Flatness  and  horizontal  extent  are  indeed  everywhere ;  and  in  everything 
they  are  the  dominant  characteristics.  You  land  in  St.  Petersburg,  and 
how  flat  a  sheet  forms  the  country  all  around !  For  miles  and  miles  the 
broad  imperial  streets  go  branching  out  to  every  side,  without  the  smallest 
impediment  from  inclination  of  soil.  You  drive  beyond  the  town,  and 
travel  only  over  the  flattest  of  plains,  where  a  thin  blue  horizon  line,  as  if 
the  edge  of  the  ocean  itself,  ever  accompanies  you  in  the  distance. 

The  prevailing  idea  is  even  brought  out  in  domestic  life ;  as  too  we 
soon  had  an  opportunity  of  witnessing ;  for  having  had  an  iutroduction 
to  a  family  circle  of  some  position,  our  host  kindly  pointed  out,  and 
explained,  as  it  were,  after  the  following  manner,  on  our  first  evening 
there,  the  various  guests  at  his  long  and  hospitable  supper  table.  "That 
one,*'  said  he,  "just  opposite  you,  is  a  cousin,  who  has  come  to  spend  the 
holiday  season  with  us,  firom  his  home,  which  lies  about  four  hundred  miles 
beyond  Moskva ;  and  that  one  is  a  relation  of  my  wife's,  who  has  arrived 
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on  a  similar  errand  from  tlie  nortli-east  country,  after  having  been  nearly 
ioTir  weeks  on  the  road,  trayelling  night  and  day ;  and  that  one  has  come 
from  15°  of  latitude  south  of  us,  while  that  one  just  beyond  him  has  lately 
been  planting  out  colonists  in  Siberia,  at  a  distance  of  47°  of  longitude  from 
here."  This  surely  seemed  to  be  enough  for  one  family  gathering ;  but 
before  the  evening  was  concluded  a  brother  of  our  host  dropped  in,  with  his 
'wife  and  child,  from  far-off  Astrakan,  bringing  tales  of  outlandish  doings 
amongst  the  Bashkir  tribes  between  the  Caspian  Sea  and  the  Sea  of  Aral ; 
and  in  a  few  days  after  came  an  astronomical  friend  from  a  three  years' 
scientific  journey  to  the  Amoor  River,  on  the  coasts  of  the  Ochotsk  Sea — 
a  distance  of  more  than  six  thousand  miles  of  solid  continent,  nearly  level 
ihe  whole  of  the  way. 

Our  entertainer  on  this  occasion  was  no  other  than  the  actuj|g  Director  of 
the  Great  Central  Imperial  Observatory  at  Pulkova,  viz.,  Mr  Otto  Struve ; 
and,  besides  other  duties,  he  superintends  much  of  the  more  scientific  part 
of  the  extensive  works  undertaken  by  the  Topographical  Corps  of  Russia. 
Hence  he  is  much  occupied  with  questions  of  distance-measuring  of  every 
kind  and  degree;  and  having  chanced  to  pay  a  visit  to  Edinburgh  in 
1850,  shortly  after  the  Ordnance  Survey — an  operation  which  reflects 
so  much  credit  on  our  corps  of  Royal  Engineers — ^was  commenced  in  that 
district,  he  now  asked  us,  with  interest  and  animation,  whether  the  map 
of  all  Scotland  was  by  this  time  completed  ? 

'^  Oh,  no  I  **  we  replied,  '^  that  was  too  much  to  expect ;  the  mapping  of 
so  vast  an  extent  as  the  whole  country  must  necessarily  spread  over  many, 
many  years.  And  though  we  in  Great  Britain  rather  keenly  felt  the 
Duisance,  and  something  of  the  absurdity  too,  of  having  to  wait  from  thirty 
to  forty  years  for  a  complete  map  of  our  country,  yet  we  did  not  see  how 
it  could  possibly  be  produced  in  a  less  space  of  time  1  ** 

''  Well,"  said  he  in  return,  **  if  the  Russian  survey  went  on  only  at  the 
same  rate  as  the  British,  we  should  have  to  wait,  according  to  the  amount 
of  sur&ce  to  be  measured,  rather  more  than  twelve  thousand  years  before 
we  possessed  a  complete  map  of  this  empire.** 

"  Then  what  plan  do  you  follow  to  get  over  the  ground  more  quickly  ?*' 
we  enquired. 

**  Why,  here,"  replied  he,  "  more  than  a  hundred  years  ago,  that  truly 
far-seeing  man,  Peter  the  Great,  perceiving  at  a  glance  that  the  trigono- 
metrical operations,  then  coming  into  favour  with  the  more  civilized  West- 
European  nations,  were  not  much  better  than  Utopian  in  their  application 
to  his  immense  territories,  struck  out  a  plan  for  himself,  based  on  exact 
astronomical  determination  of  the  latitudes  and  longitudes  of  all  leading 
points.  To  this  end  he  founded  the  Academy  of  Sciences  in  St.  Peters- 
burg ;  and,  furnishing  it  with  a  large  number  of  astronomical  quadrants. 
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of  much  larger  sise  and  greater  powers  of  accoracy  than  generallj  in  that 
daj  considered  suitable  for  field  work, — ^he  sent  out  the  academicians  erery 
year,  to  fix  as  many  points  as  they  could  by  means  of  geographical  astro- 
nomy, and  followed  them  by  military  officers  to  fill  in  between.  And  this 
system/'  said  our  host,  ^is  still  going  on^  though  the  outward  features  are 
somewhat  changed;  for  the  labours  of  the  academy  hare  been  chiefly 
handed  over  to  professional  astronomers;  and  the  English  quadrants 
have  been  replaced  by  prism  circles,  which  are  now  all  constructed 
at  the  observatory,  by  our  own  workmen,  and  on  the  model  which  our 
continued  experiences  have  proved  to  be  the  most  practical  and  useful 
in  the  field.  For  latitude,  we  depend  almost  entirely  on  altitudes  of 
the  Pole  star,  measured  with  alt-azimuth  instruments ;  and  for  longiirude, 
chiefly  on  chronometers.  These  are  carried  in  spring  boxes ;  and  every 
summer  we  start  forth  in  quick  travelling  carriages,  describing  with  our 
stations  so  many  loops  over  the  country,  in  order  to  eliminate  ehanges  of 
the  watches'  rates  during  the  journey,  besides  testing  them  continually  by 
star  observations.** 

For  the  peaceful  purpose,  then,  of  mapping  down  the  OTerpowering 
agricultural  extent  of  that  large  empire  of  the  nor^  and  east,  the  science 
of  geodetical  astronomy,  in  its  highest  degree  of  theoretical  refinement  and 
most  advanced  state  of  practical  accuracy,  is  in  constant  daily  requisition. 
A  great  deal  of  surveying  proper  also  goes  on  in  special  localities ;  and  as 
an  example,  our  host  himself  had  just  begun  a  grand  levelling  operation, 
intended  to  stretch  from  the  Gkdf  of  Archangel  right  across  Bussia  to  the 
Black  Sea.  In  connection  with  his  account  of  this  great  work,  he  took  us 
to  look  at  some  of  the  levelling  instruments  and  staves  which  he  had 
employed ;  and  while  we  were  admiring  their  construction,  he  suddenly 
asked  us,  in  a  most  significant  manner — 

^  Can  you  measure  the  distance  of  an  object  of  unknown  size,  merely  by 
having  a  view  of  it  for  a  moment  or  two  from  one  spot  of  ground  where 
you  may  chance  to  be  standing?" 

"Tes,'*  we  replied,  ''  we  can,  by  means  of  an  instrument  carrying  its 
own  base  line — an  idea  that  we  carried  out,  though  rudely,  a  few  years 
ago,  to  meet  a  case  reported  to  have  occurred  in  that  unhappy- Crimean 
war." 

''  Well  now,  how  strange,"  he  replied,  '^  for  my  instrument  is  on  that 
principle,  and  was  to  meet  cases  occurring,  or  expected  to  occur,  about 
the  same  time  at  Cronstadt  And  what  was  the  length  of  your  instru- 
ment?" 

«  Five  feet." 

"  Five  feet !— why  that  is  just  the  length  that  I  chose  for  mine ;  and 
here,"  said  he,  "it  is,"  as  he  brought  out  of  an  adjacent  store-room  a 
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five-foot  wooden  tube,  armed  with  certain  optical  fittings,  and  resting  on 
a  three-legged  theodolite  -stand. 

The  instrument  thus  produced  was,  then,  what  may  be  termed  a  distance- 
measurer  for  purposes  of  gunnery;  and  an  exact  knowledge  of  distance  is 
a  most  important  object  to  be  secured,  as  our  country  now  knows  so  well, 
whenever  accurate  firing  at  long  ranges  is  required.  But  though  knowing 
the  general  fact,  all  our  countrymen  are  not  perhaps  quite  so  well  aware 
of  what  constitutes  the.  only  correct  principle  cm  which  such  distances 
can  be  absolutely  determined ;  for  otherwise,  they  would  not  be  so  well 
content,  as  too  many  of  them  are,  with  certain  routine  rules  depending 
on  visibility — a  quality  which  any  changes  in  the  transparency  of  the 
atmosphere,  or  in  the  illumination  of  objects,  and  still  more,  the  absence 
of  objects  having  a  right  form,  figure  and  sise,  may  render  utterly 
erroneous. 

We  were  called  on,  for  instance,  while  still  in  Edinburgh,  and  just 
befc»e  starting  fat  Russia,  by  the  inventor  of  a  certainly  very  neat  plan, 
of  moving  in  an  equal  degree,  and  in  opposite  directions,  two  micrometer 
wires  in  the  field  of  a  military  telesoope ;  and  much  he,  the  inventor, 
wanted  us  then  and  there  to  give  him  a  testimonial,  that  his  contrivance 
was  an  in&llible  means  of  measuring  distances  for  all  the  purposes  of 
gunnery. 

The  distance  was  to  be  ascertained,  be  it  understood,  by  measuriag  with 
the  two  wires  the  angular  subtense  of  any  man  who  might  be  seen  at  the 
spot,  whose  distance  was  desired  to  be  known ;  and  then,  on  assumption  of 
his  height  in  feet,  computing  how  far  off  he  must  have  been,  according  to 
the  usual  rules  of  plane  trigonometry.  An  excellent  plan  this  would 
be,  doubtless,  if  you  were  always  certain  of  seeing  a  man  on  your  exact 
shooting  ground,  and,  if  the  said  man  was  always  six  feet  high,  exactly, 
even  to  the  hundredth  part  of  an  inch,  neither  less  nor  more ;  but  a  very 
misleading  plan  if  the  man  be  not  of  that  height ;  and  an  impossible  plan 
if  merely  part  of  a  man,  or  no  man  at  all  be  visible — ^as  when  a  rifieman 
has  hid  himself,  partly  or  completely,  according  to  approved  sharp-shooting 
tactics,  behind  a  tree  or  a  stone  walL  But  to  all  these  objections  to  the 
principles  of  his  plan,  the  inventor  only  returned  the  stereotyped  excuse 
for  answer,  that  a  man  is  always  assumed  by  the  military  authorities  to 
be  six  feet  high  for  the  purpose  of  dbtance-measuring ;  and  a  certain 
regimental  officer,  to  whom  he  had  shown  his  telescope  with  the  two 
wires,  had  told  him,  only  the  day  previous  to  his  visit  to  us,  that  he  had 
never  in  his  life  before  seen  so  scientific  an  instrument 

"  Oh,  then,"  said  M.  Struve,  "  a  pretty  mistake  your  British  inventor, 
and  the  officer  too,  would  have  made  upon  some  of  our  Russian  soldiers, 
according  as  they  had  seen  in  the  distance  either  one  of  the  Preo-brigenski 
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Guard,  who  stands,  with  his  bear-skin  shako,  above  seven  feet  high ;  or  a 
little  Finlander  sharp^ooter,  who,  with  his  flat  blue-cloth  cap  and  short 
stature,  is  under  four  and  a  half  feet  Tes,  indeed,  a  pretty  mistake ;  Ibr 
the  real  distance  might  hare  been  almost  double,  or  only  half,  of  whatever 
the  telescope  and  its  micrometer  wires  made  it  appear  to  be." 

Now,  M.  Struve's  own  distance-measuring  instrument,  depended  on  no 
such  varying  and  distant  base  line  as  that  just  described,  bat  on  its  own 
length,  which  was  a  constant,  evidently  capable  of  being  determined  with 
the  greatest  precision ;  and  its  action  was  thus : — ^when  you  looked  at  any 
object  through  the  instrument,  certain  reflectors,  set  at  either  end,  gave 
you  a  view  from  both  these  ends  at  once.  Hence  resulted  optically,  two 
images  of  everything  you  looked  at ;  and  these  images  were  always  sepa- 
rated by  a  quantity,  precisely  equal  to  the  apparent  length  of  the  instm- 
ment  itself,  as  it  would  be  seen  from  the  place  of  the  object  under 
observation.  The  measure,  therefore,  of  the  separation  of  these  optical 
images  became  equal,  on  a  certain  scale,  to  a  measure  of  the  distance 
of  the  object  frx>m  the  observer ;  and  thus,  this  desired  result  of  distance 
was  quickly  arrived  at,  and  without  any  assumption  of  the  nature  or  size 
of  the  object  observed;  while  the  method  was  equally  applicable  by 
night  and  by  day,  if  only  a  spark  of  light,  or  anything  with  a  definite 
edge,  or  portion  of  an  edge,  were  visible  in  the  field  of  view. 

Such,  then,  was  the  distance-measurer,  devised  and  constructed  by  die 
Russian  astronomer,  for  improving  the  accuracy  of  fire  in  the  guns  at 
Cronstadt. 

But  was  it  used  there  ? 

WeU,  thereby  hangs  a  tale.  The  inventor  urged  the  employment  of 
the  new  instrument  on  the  war-office  of  his  country ;  but  was  curtly  told 
that  present  methods  were  good  enough,  and  no  others  were  wanted.  He 
pressed  the  authorities,  therefore,  with  the  case  of  an  enemy's  ship,  holding 
her  men  concealed,  and  coming  up  slowly,  with  designs  of  mischief,  to  one 
of  the  forts ;  how  would'  they  then,  at  any  particular  instant,  determine 
the  distance  ?  Oh,  they  would  fire  a  shell  or  two  and  find  out  by  the 
drop. 

•*  Why,  the  expense  of  one  firing,*'  returned  the  astronomer,  "firom  one 
of  your  large  guns,  would  supply  every  fort  in  Cronstadt  with  a  distance- 
measurer  I" 

Then  the  astronomer  followed  up  that  reply,  by  getting  one  of  the 
officers  out  to  the  Observatory  on  a  dark  night,  and  there  showing  him  in 
a  telescope,  pointed  to  the  long  straight  road  leading  right  away  for  nine- 
teen versts  to  St.  Petersburg,  a  single  carriage  light,  with  the  request, 
"Will  you  oblige  me  by  telling  me  the  distance  of  that  light?"  But 
such  a  question  was  declared  to  be  absurd ;  for  a  single  light,  of  unknown 
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size  and  intenaitj,  just  seen  looming  throngb  the  darkness  and  snowy  haze, 
without  anything  to  compare  it  ¥rith,  gave  no  recognized  means  of  men- 
suration*  "Then  you  shall  see,"  responded  the  astronomer,  "  how  easily 
jnj  distance-measurer  will  solve  the  problem,"  and  in  half  a  minute  the 
distance  was  stated  in  national  sajenes ;  and  in  a  few  minutes  more,  by  a 
second  and  a  third  measure,  it  was  proved  which  way  the  carriage  was 
moving,  to  or  from  the  observers. 

There  was  no  resisting  altogether  such  a  demonstration  as  this;  so  a  board 
of  celebrated  admirals  and  generals  was  presently  appointed  to  report  on 
the  instrument,  and  the  inventor's  hopes  ran  high.  Who  is  there,  too, 
who  could  not  sympathize  with  him;  for  had  he  not  invented  a  something 
in  the  time  of  his  country's  direst  extremity  that  might  be  of  vital  service 
to  her ;  and  now  he  was  going  to  see  her  adopt,  and  profit  by  his  invention? 
Afler  having  been  all  his  life,  in  the  ill-understood  and  worse-appreciated 
position  of  merely  a  '*  savant,'*  of  only  an  improver  of  difficult  points  in 
the  arcana  of  science,  comprehended  by  few  in  the  present  age,  and  looking 
rather  for  approval  to  the  mind  of  posterity,  hewanow  about  to  take 
rank  amongst  his  coimtzymen  in  time  of  war,  as  one  who  could  give  them 
effectual  help  in  their  national  measures  for  resisting  a  forcible  invasion  of 
their  common  fatherland  I  Alas !  for  his  patriotic  hopes;  for  he  heard  one 
morning  soon  afler  that  his  chenshed  invention  had  been  condemned. 

Why,  and  wherefore,'  he  earnestly  enquired.  It  could  not  be  because 
the  principle  was  deemed  defective,  for  that  he  had  mathematically  demon- 
strated to  be  true ;  and  surely  not  because  the  principle  was  inefficiently 
carried  out  in  practice,  for  the  optical  work  was  in  the  highest  style  of 
finish  peculiar  to  the  best  astronomical  instruments  I 

Oh  I  on  no  such  reasons  as  those,  he  was  told,  had  sentence  been  passed : 
and  so  it  proved  Great  officers  of  state,  it  seems,  in  all  countries,  have 
shorter  methods  of  proceeding  than  those  painful  and  laborious  processes 
which  are  followed,  and  thought  necessary,  jby  plodding  scientific  men ; 
and  something  like  the  following  turned  out  to  have  been  the  very  com- 
pendious system  on  which  the  officials  had  proceeded  in  the  present  case. 
They  began  by  laying  down  the  dogma,  that  any  really  good  modem 
invention  in  Russia  must  have  long  since  been  discovered  in  England ; 
and,  if  discovered  there,  would,  as  an  equal  matter  of  course,  have  been 
brought  into  use  by  the  British  Admiralty.  They  had  then,  therefore, 
only  to  inquire,  whether  any  instrument  like  M.  Struve's  was  presently 
employed  in  English  men-of-war ;  and  having  found  on  inquiry  that  no 
such  apparatus  was  known  there,  they  considered  themselves  to  have 
arrived,  logically  as  weU  as  commendably,  at  an  imdeniable  proof,  that 
the  distance-measurer  of  the  astronomer  of  Pulkova  was  not  a  good  or 
useful  invention,  and  decerned  accordingly. 
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There  uuttten  might  long  have  remained,  had  not  the  Russian  AdminJ^ 
the  unspeakable  advantage  of -being  presided  orer  bj  a  chief^  who  is  not 
only  a  statesman,  but  also  a  really  learned,  as  well  as  practical  seaman ; 
fully  understanding  naval  affidrs,  because  he  has  worked  at  them  with  aUe 
head  and  ready  hand  from  his  earliest  years.  This  chief  was  the  Grand-duke 
Gonstantine ;  and  some  rumour  of  the  matter  above-mentioned  having 
chanced  to  reach  him,  he  instantly  ordered  all  the  parties  down  to  Cnm- 
stadt,  there  -  to  try  the  new  instruinent  in  his  presence,  and  ascertain  its 
capabilities  in  the  open  air.  The  season  was  winter,  a  Russian  winter  too ; 
but  under  the  Grand-duke's  all-compelling  supervision,  long  lines  were 
soon  measured  over  the  ice,  in  radiating  Erections,  irom  one  of  the  outer 
furts ;  and  on  poles  or  other  marks  being  erected  at  the  end  of  such  lines, 
the  distance  of  each  object  was  instantly  given,  by  the  new  "  distance- 
measurer"  merely  looking  at  them  out  of  the  cannon  embrasures.  These 
determinations,  being  presently  compared  with  the  notes  of  the  chain- 
measurers  on  the  ice,  produced  such  a  conviction  in  the  mind  of  the 
inspecting  chief,  that  he  at  once  empowered  the  astronomer  to  construct  a 
large  number  of  his  ''  absolute  distance-measurers''  for  use  in  GronatadL 
Hence,  the  Russian  artillery  has  now,  most  probably,  a  more  exact,  econo- 
mical, and  scientific  means  of  measuring  distance,  than  either  army  or 
navy  of  any  other  European  power  can  show. 

Such,  then,  are  a  few  stray  gleanings  connected  with  some  particular 
cases  of  the  art  of ''  distance-measuring"  as  at  present  practised  in  Russia; 
and  greatly  is  it  to  be  desired  that  other  members  of  this  active  and  flour- 
ishing young  *'  Institution  of  Engineers  in  Scotland,"  would  also  contrive 
an  opportunity  for  visiting  that  giant  empire  of  the  north  and  east,  trough- 
out  whose  whole  extent  so  much  is  presently  stirring  of  eminent  interest  to 
all  cultivators  of  practical  science.  Of  interest,  too,  to  men  of  every  variety 
of  calling ;  for  there,  in  Russia,  will  they  find  a  people  of  indomitable  energy, 
of  high  morality,  and  of  orderly  inclinations;  in  number  over  fifty  millions, 
with  remarkable  unity  of  language,  and  possessing  a  greater  portion  of  the 
earth's  habitable  surface,  than  history  has  ever  yet  recorded  as  in  the  posses- 
sion of  a  single  race.  And  if  we  have  hitherto  not  heard  much  of  this  people 
in  the  realms  of  science  and  literature,  it  is  not  because  its  members  have 
not  the  capabilities  within  them;  indeed,  on  the  contrary,  when  you 
begin  to  communicate  personally  with  them,  you  become  astonished,  as 
Baron  Haxthausen  has  well  remarked,  at  their  acuteness  of  imderstanding, 
their  force  of  imagination,  and  the  greatness  of  their  intellectual  g^; — there 
are  no  boors,  says  he,  among  the  Russian  common  people.  But  it  is  rather 
because  they  have  been  kept  back  hitherto  by  great  natural  and  national 
causes,  which  took  them  many  ages  to  triumph  over.  Tartar  domination, 
for  instance,  and  other  consequences  of  the  immense  hori2x>ntai  extent 
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and  extreme  flatness  of  their  country;  affording  a  people  jealous  of  liberty 
no  mountain  fastnesses  to  retreat  to,  when  inyaded  by  barbarous  hordes. 

Those  times,  however,  of  the  childhood  and  pupilage  of  the  Russian 
tribes  are  passed,  and  nobly  are  they  now  beginning  to  move  forward  in 
the  grand  scheme  of  European  dvilization.  European  ciyilization,  we 
say  advisedly,  for  a  genuine  European  people  they  are,  in  spite  of  a  trite 
but  shallow  Napoleonic  maxim  to  the  contrary.  They  may  be  the  youngest 
of  the  European  family  of  nations,  but  are  as  surely  the  most  numerous ; 
and  as  certainly,  from  the  very  nature  of  all  their  innate  feelings  and  ideas, 
the  most  un-Asiatic,  or  rather,  the  most  European,  of  all  the  Europeans ; 
a  nation,  therefore,  in  whose  ultimate  full  development,  the  dearest  hopes 
and  most  exalted  aspirations  for  the  progress  of  mind  m  civilized  man  are 
intimately  bormd  up. 
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